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ABSTRACT
A s t u d y  h a s  been  made o f  t h e  c h e m i s t r y  and t h e  s t e r e o c h e m i s t r y  
o f  t e r t i a r y  am id es ,  u s i n g  t r i b e n z a m i d e  a s  a r e p r e s e n t a t i v e  t e r t i a r y  
amide.  T r ib en z a m id e  was s y n t h e s i z e d  by  a  new method i n  which  
ammonia gas  was b u b b led  th r o u g h  a 2 %  s o l u t i o n  o f  b e n z o y l  c h l o r i d e  
i n  d r y  p y r i d i n e  a t  room t e m p e r a t u r e .  The r e a c t i o n s  o f  t r i b e n z a m i d e  
w i t h  v a r i o u s  r e a g e n t s  have  been  i n v e s t i g a t e d .
T r ib en z a m id e  r e a c t e d  w i th  G r ig n a r d  r e a g e n t s  i n  much t h e  same 
way t h a t  e s t e r s  and p r i m a r y  amides do.  With  phenylmagnes ium 
b ro m id e ,  t r i p h e n y l c a r b i n o l  was o b t a i n e d  i n  50“/° y i e l d .  A l i p h a t i c  
G r ig n a r d  r e a g e n t s  w i t h  t r i b e n z a m i d e  y i e l d  k e t o n e s .  With m e th y l -  
magnesium b rom ide ,  a ce to p h e n o n e  was p roduced  i n  3 6 fo  y i e l d ;  
e th y lm agnes ium  bromide  y i e l d e d  e t h y l  p h e n y l  k e to n e  i n  h y j o  y i e l d ;  
h e x y l  magnesium c h l o r i d e  y i e l d e d  h e x y l  p h e n y l  k e t o n e  i n  20<jo y i e l d .
An a t t e m p t  was made t o  r e a c t  t - b u t y lm a g n e s iu m  bromide  w i t h  
t r i b e n z a m i d e .  The p r o d u c t  o b t a i n e d  was a  brown, e x t r e m e l y  v i s c o u s  
o i l  which  c o u ld  n o t  be d i s t i l l e d  o r  r e c r y s t a l l i z e d .
An a t t e m p t  was made t o  r e d u c e  t r i b e n z a m i d e  t o  t h e  c o r r e s p o n d i n g  
t e r t i a r y  amine.  R e d u c t io n  w i th  l i t h i u m  aluminum h y d r i d e  y i e l d e d  
N -benzy lbenzam ide  and b e n z y l  a l c o h o l  i n  32 jo y i e l d .  With  l i t h i u m  
d i e t h o x y a l u m i n o h y d r i d e , N -benzy lbenzam ide  and b e n z a ld e h y d e  were 
p ro d u ced  i n  tyCPjo y i e l d ;  z i n c  and a c e t i c  a c i d  y i e l d e d  N -b e n z y l -  
benzamide i n  84$ y i e l d ;  d i b o r a n e  r e d u c t i o n  and sodium b o r o h y d r i d e
v
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r e d u c t i o n  a l s o  y i e l d e d  b e n z y l  a l c o h o l  and N -benzy lbenzam ide .  An 
a t t e m p t  t o  r e d u c e  t r i b e n z a m i d e  w i t h  sodium i n  e t h a n o l  r e s u l t e d  i n  
benzamide and e t h y l  b e n z o a t e  by v i r t u e  o f  n u c le o p h i^ l i c  a t t a c k  by  th e  
e t h o x i d e  i o n  on a c a r b o n y l  c a rbon  o f  t r i b e n z a m i d e ,  f o l l o w e d  by 
c l e a v a g e .  S i m i l a r l y ,  an  a t t e m p t e d  Clemmensen r e d u c t i o n  o f  
t r i b e n z a m i d e  y i e l d e d  b e n z o ic  a c i d  and d ib en zam id e  by a t t a c k  o f  th e  
c h l o r i d e  i o n  on a c a r b o n y l  c a rb o n  f o l l o w e d  by c l e a v a g e .  Hydrogen 
i n  t h e  p r e s e n c e  o f  a c a t a l y s t  f a i l e d  to  r e d u c e  t r i b e n z a m i d e .
A number o f  o t h e r  r e a c t i o n s  i n v o l v i n g  n u c l e o p h i l i c  a t t a c k  a t  
t h e  c a r b o n y l  c a r b o n  o f  t r i b e n z a m i d e  were p e r fo rm e d .  H yd raz in e  
h y d r a t e  r e a c t e d  w i t h  t r i b e n z a m i d e  t o  y i e l d  sym- d i b e n z o y l h y d r a z i n e ; 
p h e n y l h y d r a z i n e  p roduced  b e n z o ic  a c i d  p h e n y l h y d r a z i d e  i n  62$> y i e l d ;  
ammonia and t r i b e n z a m i d e  y i e l d e d  benzamide and d ib e n za m id e ;  b e n z y l -  
amine r e a c t e d  w i t h  t r i b e n z a m i d e  to  y i e l d  N -benzy lbenzam ide ;  
e t h y l a m in e  y i e l d e d  d ibenzam ide  and N - e t h y l b e n z a m i d e , p y r i d i n e  
p ro d u c e d  d ibenzam ide  and b e n z o ic  a c i d ;  o - p h e n y le n e d ia m in e  r e a c t e d  
w i t h  t r i b e n z a m i d e  t o  y i e l d  2- p h e n y l b e n z i m i d a z o l e  i n  7T fo  y i e l d ;  
d i e t h y l a m i n e  y i e l d e d  a p r o d u c t  which  c o u ld  n o t  be p u r i f i e d  w e l l ;  
d ip h e n y la m in e  d i d  n o t  r e a c t  w i t h  t r i b e n z a m i d e .
E t h a n o l y s i s  o f  t r i b e n z a m i d e  p ro d u ced  e t h y l  b e n z o a te  and 
benzam ide .  D iazomethane r e a c t e d  w i t h  t r i b e n z a m i d e  to  y i e l d  
benzam ide .  I t  was e x p e c t e d  t h a t  Q'-tnethoxyacetophenone would be 
p r o d u c e d ,  b u t  t h i s  p r o d u c t  was n o t  i s o l a t e d .  R e a c t i o n  o f  s u l f u r i c  
a c i d  and t r i b e n z a m i d e  y i e l d e d  b e n z o ic  a c i d  r a t h e r  t h a n  t h e  d e s i r e d  
tr ibenzoylam m onium  s a l t .
v i
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B r o m i n a t i o n  o f  t r i b e n z a m i d e  y i e l d e d  b e n z o i c  a c i d  and 
d ib e n z a m id e .  A F r i e d e l - C r a f t s  r e a c t i o n  b e tw ee n  t r i b e n z a m i d e  and 
benzene  d i d  n o t  p ro d u c e  benzophenone  a s  had  b e en  r e p o r t e d  by o t h e r  
i n v e s t i g a t o r s .  The p r o d u c t  was b e n z o i c  a c i d .
T r ib e n z a m id e  was p y r o l y z e d  t o  y i e l d  b e n z o n i t r i l e  and 
b e n z o i c  a n h y d r i d e  and a h i g h - m e l t i n g  s o l i d  w h ich  was n o t  i d e n t i f i e d .
A t t e m p t s  t o  form q u a t e r n a r y  s a l t s  o f  t r i b e n z a m i d e  were  
u n s u c c e s s f u l .  N e i t h e r  m e th y l  i o d i d e  n o r  p^-bromophenacy 1 bromide  
c o u ld  be made t o  r e a c t  w i t h  t r i b e n z a m i d e .
On t h e  b a s i s  o f  i n f r a r e d  and n . m . r .  s p e c t r a l  s t u d i e s ,  a 
p y r a m id a l  s t r u c t u r e  was a s s i g n e d  t o  t e r t i a r y  am ides .
The r e a c t i o n  o f  t r i b e n z a m i d e  w i t h  b e n z o y l  c h l o r i d e  y i e l d e d  
b e n z o ic  a c i d  and d ib e n z a m id e .  T r ib e n z a m id e  d i d  n o t  r e a c t  w i t h  
a l d e h y d e s .
The r e s u l t s  o f  an  a t t e m p t  t o  s y n t h e s i z e  a b i c y c l i c  t e r t i a r y  
amide a r e  p r e s e n t e d ,  a s  w e l l  as  t h e  r e s u l t s  o f  an  a t t e m p t  t o  p r e p a r e  
t h e  a r s e n i c  and an t im ony  a n a l o g s  o f  t r i b e n z a m i d e .
v i i
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INTRODUCTION
Remarkably  l i t t l e  r e s e a r c h  h a s  been  done i n  t h e  p a s t  c o n c e r n i n g  t h e  
c h e m i s t r y  o f  t h e  c l a s s  o f  compounds known a s  t e r t i a r y  amides  (R-CO)s N. 
P r o b a b ly  a  m a jo r  r e a s o n  f o r  t h i s  l a c k  o f  i n f o r m a t i o n  i s  t h e  f a c t  t h a t  
t e r t i a r y  amides  a r e ,  i n  g e n e r a l ,  e x t r e m e l y  d i f f i c u l t  t o  p r e p a r e .  N o l l e r 1 
s t a t e d  a s  l a t e  a s  195^ t h a t  t e r t i a r y  amides  d id  n o t  e x i s t ,  a l t h o u g h  he  
l a t e r  c o r r e c t e d  h i s  s t a t e m e n t . 2 A c t u a l l y ,  t r i b e n z a m i d e  (C6HSC0)3N had 
been  p r e p a r e d  i n  ].8 9 5 3 s an<3 t r i a c e t a m i d e , f i r s t  r e p o r t e d  i n  I 87O4', was 
p r o b a b l y  a c t u a l l y  p r e p a r e d  f o r  t h e  f i r s t  t im e  i n  I 89O. 5 N - A c y l p h t h a l i -  
tn idcs a r e  w e l l  known, and h a v e  b e en  employed a s  d e r i v a t i v e s  f o r  t h e  
c h a r a c t e r i z a t i o n  o f  a c y l  h a l i d e s . 6 Thompson7 p r e p a r e d  a number o f  t e r ­
t i a r y  amides  i n  1951 by d i r e c t  d i a c y l a t i o n  o f  p r i m a r y  a m id e s .
Work i n  t h i s  l a b o r a t o r y  ha s  shown t h a t  t e r t i a r y  am ides  have  a 
c h a r a c t e r i s t i c  a b s o r p t i o n  a t  5 *85(J<j t h e  l o c a t i o n  o f  t h e  a ldehyd ic .  and 
k e t o n i c  c a r b o n y l . 1 2 >27a I t  i s ,  t h e r e f o r e ,  o f  g r e a t  i n t e r e s t  to  l e a r n  
w h e th e r  t e r t i a r y  amides  undergo  r e a c t i o n s  t y p i c a l  o f  t r u e  c a r b o n y l  com­
p o u n d s ,  i n  c o n t r a s t  t o  t h e  b e h a v i o r  o f  p r i m a r y  amides  and o t h e r  c a r -  
b o x y l i c  c h a l c o g e n  d e r i v a t i v e s .
S p e c t r a l  s t u d i e s  and t h e  c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  o f  th e  
t e r t i a r y  amides  r a i s e  some v e r y  i n t e r e s t i n g  q u e s t i o n s  c o n c e r n i n g  t h e  
s t r u c t u r e  o f  t h e s e  compounds . The g o a l  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  was 
t h e  d e t e r m i n a t i o n  o f  t h e  c h e m ic a l  b e h a v i o r  and s t r u c t u r e  o f  t e r t i a r y  
amides  and r e l a t e d  compounds.  The c a r b o n y l  s y s t e m ,  w h e th e r  k e t o n i c  o r  
a m i d e - l i k e ,  s h o u ld  and does  undergo  r e a c t i o n s  w i t h  n u c l e o p h i l i c  r e a g e n t s  
i n c l u d i n g  G r ig n a rd  r e a g e n t s ,  a m in e s ,  a l c o h o l s ,  h y d r a z i n e s  and b a s e s ,  as  
w e l l  a s  w i t h  r e d u c i n g  a g e n t s  and o t h e r  r e a g e n t s .  A number o f  t h e s e  r e ­
a c t i o n s  were  i n v e s t i g a t e d  and t h e  r e s u l t s  a r e  r e p o r t e d  h e r e i n .
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
HISTORICAL PART
G enera l
A c a r e f u l  s e a r c h  o f  t h e  l i t e r a t u r e  from 1809 t o  t h e  p r e s e n t  y i e l d e d  
r e l a t i v e l y  few r e f e r e n c e s  t o  t r i b e n z a m i d e  o r  o t h e r  t e r t i a r y  am ides . .
Most o f  t h e s e  r e f e r e n c e s  d e a l t  o n ly  w i t h  t h e  p r e p a r a t i o n  o f  t h e s e  com­
pounds and n o t  w i t h  t h e i r  c h e m i s t r y .
I t  s h o u ld  be p o i n t e d  o u t  t h a t  t h e r e  may e x i s t  some c o n f u s i o n  r e ­
g a r d i n g  n o m e n c l a tu r e  o f  t e r t i a r y  a m id e s .  Brown and o t h e r s 8 r e g a r d  as  
t e r t i a r y  amides  compounds o f  t h e  fo r m u la  R—CO- NRg. The a u t h o r  o f  t h i s  
d i s s e r t a t i o n  p r e f e r s  to  r e g a r d  t h e  above c l a s s  o f  compounds as  N,N- 
d i a l k y l a m i d e s , which  i n d i c a t e s  t h a t  t h e y  a r e  m e r e l y  N - a l k y l a t e d  p r im a ry  
a m id e s .  Almost  a l l  o f  t h e  l i t e r a t u r e  r e f e r e n c e s  m e n t io n e d  i n  t h i s  d i s ­
s e r t a t i o n  c o n s i d e r  compounds o f  t h e  s t r u c t u r e  (R—C O ) ^  t o  be  t e r t i a r y  
a m id e s ,  and t h i s  s y s te m  o f  n o m e n c l a t u r e ,  app ro v ed  by t h e  IUPAC, w i l l  be  
u sed  h e r e .
0
The s i m p l e s t  known member o f  t h e  t e r t i a r y  amide s e r i e s  i s  t r i a c e t -  
a m id e ,  f i r s t  r e p o r t e d  i n  I 87O by W ic h e lh a u s 4 , who h e a t e d  a c e t i c  an h y ­
d r i d e  w i t h  a c e t o n i t r i l e  and o b t a i n e d  a  p r o d u c t  m e l t i n g  a t  78° - 79°> 
a l t h o u g h  h i s  y i e l d s  were  low,  t h e  r e a c t i o n  h a s  been  c i t e d  s e v e r a l  
t i m e s 9 as  a  g e n e r a l  method o f  s y n t h e s i s  o f  t e r t i a r y  a m id e s .
A s u b s e q u e n t  i n v e s t i g a t o r  s t u d i e d  t h e  r e a c t i o n  o f  t h e  sodium s a l t  
o f  d i a c e t a m i d e  w i t h  a c e t y l  c h l o r i d e ,  and a l s o  o b t a i n e d  a low y i e l d  o f  a 
m a t e r i a l  m e l t i n g  a t  T J °  10 - More r e c e n t l y ,  t r i a c e t a m i d e  was p r e p a r e d  
by Kocheshkov11 by r e a c t i o n  o f  k e t e n e  w i t h  d i a c e t a m i d e ;  a  m e l t i n g  
p o i n t  o f  8°  was r e p o r t e d ,  w i t h  t h e  comment t h a t  r e p e a t e d  a t t e m p t s  t o
2
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d u p l i c a t e  W i c h e l h a u s 1 work l e d  i n s t e a d  t o  d i a c e t a m i d e  w i t h  a m e l t i n g  
p o i n t  o f  78° •  Work i n  t h i s  l a b o r a t o r y 12 h a s  s u b s t a n t i a t e d  Kocheshlcov's 
o b s e r v a t i o n  o f  t h e  m e l t i n g  p o i n t  o f  t r i a c e t a m i d e . B e l l 12 o b t a i n e d  h i s  
p r o d u c t  by t h e  r e a c t i o n  o f  d i a c e t a m i d e  and i s o p r o p e n y l  a c e t a t e ,  and 
found t h e  m e l t i n g  p o i n t  t o  be 8 ° .  He was u n a b l e  t o  d u p l i c a t e  
W i c h e l h a u s 1 r e s u l t s .
I t  i s  now c l e a r  t h a t  t r i a c e t a m i d e  was most p r o b a b l y  f i r s t  p r e p a r e d  
by H e n t s c h e l 5 from a c e t i c  a n h y d r i d e  and d i a c e t a m i d e ,  and was s u b s e ­
q u e n t l y  o b t a i n e d  by B ru n n e r13  from p o t a s s i u m  c y a n a t e  and a c e t i c  anhy­
d r i d e .  I n  v iew  o f  th e  work o f  W ic h e lh a u s ,  B runne r  p ro p o sed  t h a t  h i s  






However,  t h e  work o f  Kocheshkov11 and o b s e r v a t i o n s  i n  t h i s  l a b o r a t o r y  
s u p p o r t  th e  t r i a c y l a m i n e  s t r u c t u r e .
I t  i s  q u i t e  l i k e l y  t h a t  W ich e lh a u s4 and R a k s h i t 10 a c t u a l l y  p r e -
3
p a r e d  t h e  i s o m e r i c  i m i d o e s t e r  shown a b o v e .  W i c h e l h a u s '  method co u ld
e
u n d e r s t a n d a b l y  have  g iv e n  t h e  i n d i c a t e d  s t r u c t u r e ,  a s  c o u ld  R a k s h i t ' s  
i f  O - a c y l a t i o n  i s  f a v o r e d  o v e r  N - a c y l a t i o n  i n  t h e  am b id en t  s o d io  d e r i ­
v a t i v e  o f  d ia ce ta m id e . .
o ( - )
( - )  ' CH3COCI
CHsCO-^N7—COCH3 «* CH3C0 -N=C-CH3 ---------------->  CH3CO-N=C-CH3
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T 1K ocheshkov' s u g g e s t s  th a t  th e  im id o e s te r  s t r u c t u r e  i s  an i n t e r ­
m ediate  in  h i s  p r e p a r a t io n  o f  t r ia c e t a m id e ;  thus he b e l i e v e s  th a t  
k eten e  r e a c t s  w ith  the la c t im  ( im id e)  form o f  d ia c e ta m id e ,  but th a t  
the r e s u l t i n g  O -acy l s t r u c tu r e  im m ediate ly  ta u to m e r iz e s  to  th e  t e r t i a r y  
am ide.
o f  compounds have been r ep o r ted .
Aromatic t e r t i a r y  amides are somewhat b e t t e r  known, tr ib en zam id e  
b e in g  mentioned more o f t e n  than o th er  t e r t i a r y  amides in  th e  l i t e r a ­
t u r e .  Tribenzamide was f i r s t  prepared in  I 8 9 O by C u r t iu s 3 , by th e
tr ib en zam id e  to  be a s i d e  product in  th e  p r e p a r a t io n  o f  benzamide by
I 8 9 8 , prepared tr ib en zam id e  by r e a c t io n  o f  a c e t o b e n z im id o e th y l ic  e th e r  
and b en zo y l c h lo r id e  a t  tem peratures o f  1 0 0 ° -1 2 0 ° .  In th e  same y e a r ,  
B la ch er 1 6  rep o rted  a p rep a r a t io n  o f  t r ib e n z a m id e ; he r e a c te d  b en zoy l
ob ta in ed  sm all y i e l d s  o f  tr ib e n z a m id e ,  b e n z o n i t r i l e , and dibenzam ide  
by r e a c t io n  o f  b e n z o ic  anhydride w ith  p o ta ss iu m  c y a n a te .
In 1910 , Garrod and H u r t ley 17  t r e a t e d  u r in e  w ith  b en zo y l c h lo r id e  
and thought th ey  had i s o l a t e d  a b e n z o y l- tr y p to p h a n e  d e r i v a t i v e ,  p o s ­
s i b l y  b e n z o y lk y n u r in e , but E l l i n g e r  and R i e s s e r 1 8  showed th a t  th e  
product o f  t h i s  r e a c t io n  was tr ib en za m id e .
C H3C 0 -N = C -C 1 I3 -  CH3C 0 - N - C - C 1 I3 -* ( C II3C O ) 3t ’
CHS CH s
Except fo r  f i v e  mixed a l i p h a t i c  t e r t i a r y  amides prepared by 
Kocheshkov1 1 , no o th er  p u re ly  a l i p h a t i c  r e p r e s e n t a t i v e s  o f  t h i s  c l a s s
r e a c t io n  o f  b en zo y l c h lo r id e  w ith  benzam ide. In 1 8 93 , J a f f e 1 4  rep o rted
th e  a c t io n  o f  ammonium carb onate  on b en zo y l  c h l o r i d e .  W heeler1 5 , in
c h lo r id e  w ith  a su sp e n s io n  o f  sodium benzamide in  x y l o l .  Brunner1 3
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T r ib e n z a m id e  i s  n o t  m e n t io n e d  a g a i n  i n  t h e  l i t e r a t u r e  u n t i l  1928,  
when P a r t s 19 r e p o r t e d  t h a t  t h e  h e a t  o f  c o m b u s t io n  o f  t r i b e n z a m i d e  was 
2 ^25-5  K c a l / m o l e .
Yasumura2 0 , i n  1991> r e p o r t e d  t h e  p r e p a r a t i o n  o f  t r i b e n z a m i d e  by 
t h e  h y d r o l y s i s  o f  b e n z y l  ( s i c )  c h l o r i d e  w i t h  ammonium h y d r o x i d e .  
Thompson'" o b t a i n e d  t r i b e n z a m i d e  i n  h i g h  y i e l d  by t h e  d i r e c t  d i a c y l a -  
t i o n  o f  benzam ide  w i t h  b e n z o y l  c h l o r i d e  a f t e r  c om plex ing  t h e  l a t t e r  
w i t h  p y r i d i n e .
B l a n c h a r d 2 1 , i n  19^1 ,  o b t a i n e d  t r i b e n z a m i d e  a s  one p r o d u c t  i n  t h e  
r e a c t i o n  o f  l i t h i u m  n i t r i d e  and b e n z o y l  c h l o r i d e  i n  d i e t h y l e n e  g l y c o l  
d i m e t h y l  e t h e r .  I n  i 9 6 0 , F a r r a r 22 p r e p a r e d  t r i b e n z a m i d e  by r e a c t i n g  
2 , 4 , 5 “ t r i c h l o r o b e n z e n e s u l f o n y l  c h l o r i d e  and d ib e n z a m id e  i n  p y r i d i n e  a t  
100° f o r  t w e n t y - f o u r  h o u r s .  R e c e n t l y 2 3 , t h e  s y n t h e s i s  o f  t r i s ( m - t r i -  
f l u o r o m e t h y l ) t r i b e n z a m i d e  was r e p o r t e d  i n  t h e  l i t e r a t u r e .
R e a c t i o n s  o f  T e r t i a r y  Amides
T h e re  e x i s t  o n l y  f r a g m e n t a r y  d a t a  i n  t h e  l i t e r a t u r e  on  t h e  c h e m ic a l
1 ob e h a v i o r  o f  t h e  t e r t i a r y  a m id e s .  C u r t i u s  r e p o r t e d  t h a t  t r i b e n z a m i d e  
s u b l i m e s  undecomposed ,  and t h a t  i t  i s  c l e a v e d  by sod ium h y d r o x i d e  to  
g i v e  ammonia and sodium b e n z o a t e .  B r u n n e r 13 n o t e d  t h e  f a c i l e  h y d r o ­
l y s i s  o f  t r i a c e t a m i d e .  Kocheshkov11 r e p o r t e d  ( w i t h o u t  e x p l i c i t  e x p e r i ­
m e n t a l  d a t a )  t h a t  t r i a c e t a m i d e  " e a s i l y  a c e t y l a t e s  w a t e r ,  a l c o h o l s ,  
a m i n e s ,  a c e t i c  a c i d  and a c e t a m i d e , "  t h a t  a l l  t h r e e  a c y l  g ro u p s  a r e  
e q u i v a l e n t  i n  t h e  s e n s e  t h a t  any one o f  t h e  t h r e e  w i l l  p a r t i c i p a t e  i n  
a c y l a t i o n  r e a c t i o n s  ( s u p p o r t i n g  t h e  t r i a c y l a m i n e  s t r u c t u r e ) ,  and t h a t  
t h e  a l i p h a t i c  t e r t i a r y  am ides  g e n e r a l l y  r e a c t  a s  do a c i d  a n h y d r i d e s ,
> w i l l  und e rg o  t r a n s - a c y l a t i o n  and w i l l  p r o d u c e  k e t e n e s  on b e i n g  
h e a t e d .  Tyka24 h a s  employed t r i a c e t a m i d e  and N - a c e t y l d i b e n z a m i d e  i n
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F r i e d e l - C r a f t s  a c e t y l a t i o n s  o f  b en ze n e .  He a l s o  c a r r i e d  o u t  a F r i c d e l -  
C r a f t s  r e a c t i o n  w i th  t r i b e n z a m i d e  and benzene  and c la im e d  t h a t  th e  
p r o d u c t  was b e n z o p h e n o n e . No o t h e r  r e f e r e n c e  to  t h e  c h e m i c a l  b e h a v i o r  
o f  t e r t i a r y  amides  i s  made i n  t h e  l i t e r a t u r e .
T e r t i a r y  amides  s h o u ld  undergo  s e v e r a l  r e a c t i o n s . Hie  p r e s e n t  
i n v e s t i g a t i o n  was c o n c e rn e d  p r i m a r i l y  w i t h  r e a c t i o n s  o f  t h e  c a r b o n y l  
g r o u p ( s ) ;  r e l a t e d  work i n c l u d e s  t h e  f o l l o w i n g :
R e d u c t i o n  R e a c t i o n s
W hi le  no m e n t io n  o f  d i r e c t  r e d u c t i o n  of  t e r t i a r y  amides  can  be 
found  i n  t h e  l i t e r a t u r e ,  s e v e r a l  r e f e r e n c e s  a r e  g i v e n  t o  r e d u c t i o n  
r e a c t i o n s  a n a lo g o u s  t o  t h o s e  which m ig h t  be e x p e c t e d  o f  t e r t i a r y  a m id e s .
W itkop and P a t r i c k 2 5 , i n  1952, r e p o r t e d  t h e  f o r m a t i o n  o f  a l k y l -  
amines  when l i t h i u m  aluminum h y d r i d e  was u sea  t o  r e d u c e  s ec o n d a ry  
a m i d e s :
h y d r i d e  r e d u c t i o n  o f  N - a l k y l -  and N - p h e n y l s u c c i n i m i d e s  t o  
N - s u b s t i t u t e d - p y r r o l i d i n e s , and i n  some c a s e s ,  t o  b o t h  t h e  s u b s t i t u t e d  
p y r r o l i d i n e s  and t o  amino a l o c h o l s . The l a t t e r  r e a c t i o n  was o b s e r v e d  
i n  t h e  r e d u c t i o n  o f  N -b e n z h y d r y l -  , N -_ t -b u ty l -  , and N - p h e n y l s u c c i n i m i d e s  
These  a u t h o r s  were  a l s o  s u c c e s s f u l  i n  r e d u c i n g  s u c c in a m ic  a c i d s  by u s e
o
o f  l i t h i u m  aluminum h y d r i d e .
Work i n  t h i s  l a b o r a t o r y 12 j ^ 3 on t h e  r e d u c t i o n  o f  t e r t i a r y  
am ides  i s  t h e  f i r s t  such  work r e p o r t e d .  R e d u c t i o n  u s i n g  l i t h i u m
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LiAlH4 |-------> r - n h - c h 2 - r 2
-*  R -N = C -R 2  +  RiCHO
Ri CH2oh0-A1H3
I n  1961 ,  S c h r e i b e r  and F e rn a n d e z 26 r e p o r t e d  th e  l i t h i u m  aluminum
7aluminum h y d r i d e  a s  t h e  r e d u c i n g  a g e n t  p roduced  a p r o d u c t  i d e n t i f i e d  
as  N -b e n zy lb en z am id e .  T h i s  r e d u c t i o n  was t h u s  a n a lo g o u s  t o  t h a t  r e ­
p o r t e d  f o r  s ec o n d a ry  a m id e s .
In  1958,  Brown and Rao28 s y n t h e s i z e d  a ld e h y d e s  by r e d u c t i o n  of  
a c i d  c h l o r i d e s  by l i t h i u m  t r i - t - b u t o x y a l u m i n o h y d r i d e . They s t a t e  t h a t  
t h e  i n t r o d u c t i o n  o f  a l k o x y  s u b s t i t u e n t s  i n t o  l i t h i u m  aluminum h y d r i d e  
m o d e r a t e s  t h e  r e d u c i n g  c a p a c i t y  o f  t h i s  r e a g e n t .  A ldehydes  were  ob ­
t a i n e d  i n  h i g h  y i e l d s  by t h e  f o l l o w i n g  r e a c t i o n :
RC0C1 + LiAlH[OC(CH3 ) 3] 3 -» RCHO + A1[0C(CH3 ) 3] 3 
I t  seems l i k e l y  t h a t  t h e  c a r b o n y l  g roup o f  t h e  t e r t i a r y  amide 
m ig h t  undergo  a r e d u c t i o n  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  a c i d  c h l o r i d e s ,  
s i n c e  t h e  d ib e n za m id e  a n i o n  h a s  been  found t o  a c t  much l i k e  t h e  
c h l o r i d e  i o n  i n  t h e  f a c i l i t y  w i t h  which i t  i s  c l e a v e d  f rom t h e  m o l e c u l e .
Brown and Tsukamoto8 , i n  1959a a p p l i e d  a s i m i l a r  r e d u c t i o n  to  
N ,N - d i m e t h y l a m i d e s . A g a in ,  th e y  o b t a i n e d  h i g h  y i e l d s  o f  a l d e h y d e s  by
0
u s e  of l i t h i u m  d i e t h o x y a l u m i n o h y d r i d e  a s  a  s e l e c t i v e  r e d u c i n g  a g e n t .
T h i s  h y d r i d e  i s  e a s i l y  p r e p a r e d  by r e a c t i n g  l i t h i u m  aluminum h y d r i d e  
and e t h y l  a c e t a t e  on a m o l e - t o - m o l e  b a s i s  o r  by r e a c t i n g  two moles  of 
e t h y l  a l c o h o l  w i t h  one mole o f  l i t h i u m  aluminum h y d r i d e .
I n  1959> Z a k h a r k in  and K h o r l i n a 29 s y n t h e s i z e d  a ld e h y d e s  by t h e  
r e d u c t i o n  o f  d i a l k y l a m i d e s  w i t h  d i i s o b u t y l a l u m i n u m  h y d r i d e .  These same 
a u t h o r s ,  i n  19&2 , r e p o r t e d  t h e  r e d u c t i o n  o f  e s t e r s  t o  a l d e h y d e s  u s i n g  
t h e  same h y d r i d e  a s  t h e  r e d u c i n g  a g e n t . . 30
Tyka * r e d u c e d  th e  p hosphorus  a n a l o g  o f  t r i b e n z a m i d e  u s i n g  
l i t h i u m  aluminum h y d r i d e  and o b t a i n e d  b e n z y l  a l c o h o l  and a s m a l l  amount
o f  ( c 6h 5c h o h ) 3p .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
P r i o r  t o  i n v e s t i g a t i o n s  i n  t h i s  l a b o r a t o r y 2 7 3 , no work had been  
done on t h e  r e d u c t i o n  o f  t e r t i a r y  am id es .
D ib o r a n e  h a s  b e en  used  e x t e n s i v e l y  i n  r e c e n t  y e a r s  a s  a r e d u c i n g  
a g e n t .  I n  I 9 6 0 ,  Brown and Rao31 employed d i b o r a n e  i n  t h e  r e d u c t i o n  o f  
a  number o f  r e p r e s e n t a t i v e  o r g a n i c  compounds,  i n c l u d i n g  c a r b o x y l i c  
a c i d s ,  a l d e h y d e s ,  e s t e r s ,  and k e t o n e s  t o  a l c o h o l s ,  and i n  t h e  r e d u c ­
t i o n  o f  n i t r i l e s  t o  a m in e s .  N -A lk y l -  and N ,N - d i a l k y l a m i d e s  were r e -
op
duced r a p i d l y  unde r  r e l a t i v e l y  m i ld  c o n d i t i o n s  by t h e  u se  o f  d i b o r a n e . ^  
I n  a l l  c a s e s  t h e  amides  w ere  r e d u c e d  t o  t h e  c o r r e s p o n d i n g  amines  in  
h i g h  y i e l d s .
Cow ar t27^ employed d i b o r a n e  as  a r e d u c i n g  a g e n t  i n  an  a t t e m p t  t o  
c o n v e r t  4 , i | - r , ^ - t r i c h l o r o t r i b e n z a m i d e  t o  t h e  c o r r e s p o n d i n g  amine .  One
c
o f  t h e  p r o d u c t s  h e  o b t a i n e d  was TN- ( c h lo ro b e n z y l ) - p -  c h l o r o b e n z a m i d e , t h e  
same p r o d u c t  a s  t h a t  o b t a i n e d  from t h e  l i t h i u m  aluminum h y d r i d e  r e d u c ­
t i o n .  A n o th e r  p r o d u c t  o b t a i n e d  was n o t  i d e n t i f i e d .
o
Sodium b o r o h y d r i d e  i s  a n o t h e r  r e a g e n t  which  h a s  r e c e n t l y  been  
employed a s  a  v e r y  e f f e c t i v e  r e d u c i n g  a g e n t .  C h a i k i n  and Brown33 
found  t h a t  sodium b o r o h y d r i d e  i n  w a t e r  o r  m e th y l  a l c o h o l  i s  e f f e c t i v e
a o
i n  r e d u c i n g  a l d e h y d e s  and k e t o n e s  t o  t h e  c o r r e s p o n d i n g  a l c o h o l s .  They 
f o u n d ,  a l s o ,  t h a t  sodium b o r o h y d r i d e  i n  d io x a n e  o r  d i e t h y l  c a r b i t o l  
would r e d u c e  a c y l  c h l o r i d e s ,  b u t  t h a t  c a r b o x y l i c  a c i d s  and a c i d  a nhy ­
d r i d e s  show o n ly  s l i g h t  r e d u c t i o n  on p r o lo n g e d  h e a t i n g ;  e s t e r s  and 
n i t r i l e s  w e re  v i r t u a l l y  u n a f f e c t e d .
I n  1 9 6 1 ,  D a l e 34 r e d u c e d  a c y c l i c  1 , 3- d i k e t o n e s  t o  t h e  c o r r e s p o n d i n g  
1 , 3- d i o l s  i n  e x c e l l e n t  y i e l d s  by t h e  u s e  o f  sodium b o r o h y d r i d e .  I n  t h e  
same y e a r ,  sodium b o r o h y d r i d e  was employed a s  a r e d u c i n g  a g e n t  i n  t h e  
r e d u c t i o n  o f  p h t h a l i m i d e s  t o  h y d r o x y p h t h a l i m i d i n e s . 35
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Hydrazine R e a c t io n s
I n  191^3 B r u n n e r 36 r e a c t e d  s e c o n d a r y  amides  w i t h  h y d r a z i n e  and 
o b t a i n e d  s u b s t i t u t e d  t r i a z o l e s .  S i m i l a r l y ,  h e  r e a c t e d  d i a c e t a m i d e  w i t h  
s e m i c a r b a z i d e  and o b t a i n e d  a  c y c l i c  compound3 6 :
CHS- C  N -C O N llo
( ch3co)2nh +  nh2nh- co--nh2  5} N + Il2°
Y
CHS
Brunner a l s o  r e a c te d  a c e t y la c e t o n e  and sem icarbazi.de as f o l lo w s :
ch3- c- cii=c- ch3 ch3- c~ ck=c~ ch3
CHs COCH2 COCH3  +  fffi2 NH-CO-NIla -  “____ ^ CONH2  ”  N____ M  + C° E + ™
In  t h e  f o l l o w i n g  y e a r ,  Wolchowe37 r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  d i b e n z ­
amide and p h e n y l h y d r a z i n e  h y d r o c h l o r i d e  y i e l d e d  1 , 3 , 5 - t r i p h e n y l - l  ,2  ,7 -  
t r i a z o l .
c
In  195Tj Mosby33 r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  3 , J l - d i a c e t y r h e x a n e -  
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Thompson7 h a s  r e p o r t e d  t h e  r e a c t i o n  o f  N - fo rn iy lb en zam id e  and 
p h e n y l h y d r a z i n e  t o  p r o c e e d  a s  f o l l o w s :
N C-Ph
PhCO-KllCHO +  IlpNNHPh -  " "HC N
Y
Ph
Work i n  t h i s  l a b o r a t o r y  h a s  shown t h a t  t e r t i a r y  am id es  r e a c t  w i t h  
h y d r a z i n e  i n  q u i t e  a d i f f e r e n t  m a n n e r . 1 2 , 2 7 a , b  R a t h e r  t h a n  f o r m in g  t h e  
e x p e c t e d  t r i a z o l e s , t h e y  gave  s y m m e t r i c a l  d i a c y l h y d r a z i n . e s .  As d i s ­
c u s s e d  011 page  21 o f  t h i s  d i s s e r t a t i o n ,  i t  m i g h t  w e l l  h a v e  b e en  e x p e c t e d  
t h a t  t e r t i a r y  amides  would be  e x c e l l e n t  a c y l a t i n g  a g e n t s  b e c a u s e  o f  
s t e r i c  h i n d r a n c e  a b o u t  t h e  n i t r o g e n .  T r i b e n z a m i d e  was r e a c t e d  w i t h  a 
v a r i e t y  o f  amines  a s  p a r t  o f  t h i s  i n v e s t i g a t i o n  i n  o r d e r  t o  t e s t  t h e  
a c y l a t i n g  a b i l i t y  o f  t e r t i a r y  a m id e s .
Grignard R e a c t io n s
Maxim39 r e p o r t s  t h a t  t h e  r e a c t i o n  o f  p r i m a r y  am ides  and G r i g n a r d
c
r e a g e n t s  y i e l d s  o n l y  k e t o n e s  .
I n  1 9 5 5 j Heyns and P y r u s 40 r e p o r t e d  t h a t  a m i d e s ,  R—C0~NH~Rr , i n  
t h r e e  t o  f i v e  f o l d  e x c e s s  o f  G r i g n a r d  r e a g e n t ,  p r o d u c e  a  k e t o n e  and  a  
p r  imary  a m i n e .
B o u v e a u l t 41 had e a r l i e r  i n v e s t i g a t e d  t h e  r e a c t i o n  o f  G r i g n a r d  r e ­
a g e n t s  and d i s u b s t i t u t e d  fo rm am ides  and fo und  t h a t  an  a l d e h y d e  and a 
s e c o n d a r y  amine w e re  p r o d u c e d .
G r i g n a r d  and T i s s i e r 42 r e p o r t e d  work w i t h  a c i d  a n h y d r i d e s ,  w h ich  
c o u ld  p o s s i b l y  r e a c t  i n  much t h e  same m anner  a s  do  t e r t i a r y  a m id e s .  
These  a u t h o r s  showed t h a t  t e r t i a r y  a l c o h o l s  c o u l d  b e  o b t a i n e d  f rom  t h e  
r e a c t i o n  o f  a n h y d r i d e s  and  G r i g n a r d  r e a g e n t s .
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Newman, and Sm i th43  showed t h a t  t h e  f i r s t  s t e p  i n  t h i s  r e a c t i o n  was 
t h e  f o r m a t i o n  o f  k e t o n e ,  and t h a t  t h e  k e t o n e  c o u ld  be  i s o l a t e d  unde r  
c e r t a i n  e x p e r i m e n t a l  c o n d i t i o n s .
M u s t a f a 4'4 h a s  o b t a i n e d  t r i p h e r i y l c a r b i n o l  and b e n z a n i l i d e  by t h e  
r e a c t i o n  o f  plienylmagnesium b rom ide  and N , N - d i b e n z o y l a n i l i n e . He a l s o  
r e a c t e d  phenylmagnes ium b rom ide  w i t h  b e n z a n i l i d e  t o  o b t a i n  benzophenone  
a n i l .
I n  1 9 6 3 , Tyka24 r e p o r t e d  t h e  p r e p a r a t i o n  o f  t r i p h e n y l c a r b i n o l  when 
he  r e a c t e d  t r i b e n z o y l p h o s p h i n e  w i t h  pheny lm agnes ium  b ro m id e ;  h o w ev er ,  
w i t h  Q'-Cio^7MsBr, h e  o b t a i n e d  o n ly  a -CioH7 C0C6H5 .
These  r e f e r e n c e s  d e s c r i b e  t h e  c l o s e s t  a n a l o g i e s  t h a t  c an  be drawn 
t o  t h e  r e a c t i o n s  o f  t e r t i a r y  a m id e s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  an 
a r t i c l e  by G r i g n a r d 45 h i m s e l f ,  who, i n  1901 ,  r e p o r t e d  t h a t  c a r b o x y l i c  
e s t e r s  r e a c t  w i t h  G r i g n a r d  r e a g e n t s  t o  y i e l d  t r i a l k y l c a r b i n o l s .
K h a ra s c h 46 makes t h e  s t a t e m e n t  t h a t  some c a r b o x y l i c  e s t e r s  w i t h  
G r ig n a r d  r e a g e n t s  y i e l d  k e t o n e s ,  a l t h o u g h  i t  h a s  n o t  b e e n  d e m o n s t r a t e d  
t h a t  t h e s e  k e t o n e s  a r e  p r e s e n t  p r i o r  t o  h y d r o l y s i s .
a
E a r l i e r  work i n  t h i s  l a b o r a t o r y  h a s  shown t h a t  a r o m a t i c  G r ig n a r d
o
r e a g e n t s  r e a c t  w i t h  t e r t i a r y  amides  t o  y i e l d  t e r t i a r y  a l c o h o l s ,  w h i l e  
a l i p h a t i c  G r ig n a r d  r e a g e n t s  r e a c t  w i t h  t e r t i a r y  amides  t o  y i e l d  
k e t o n e s . 1 2 Si n c e  i t  was p o s t u l a t e d  t h a t  s t e r i c  r e q u i r e m e n t s  o f  
t h e  i n i t i a l  a d d u c t  d e t e r m i n e s  which  t y p e  o f  p r o d u c t  i s  fo rm ed ,  i t  i s  o f  
i n t e r e s t  t o  p e r f o r m  t h e  r e a c t i o n  u s i n g  a  l a r g e  a l i p h a t i c  G r ig n a r d  r e ­
a g e n t  such  a s  J t -b u ty lm a g n e s iu m  b ro m id e .
A l c o h o l y s i s  and Ammonolysis
Only r e c e n t l y  h a s  a l c o h o l y s i s  o f  a t e r t i a r y  amide been  p e r f o r m e d .27^ 
By r e a c t i n g  e t h a n o l  w i t h  i|- / ,VV - t r i c h l o r o t r i b e n z a m i d e , Cowart  o b t a i n e d
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t h e  e x p e c t e d  e s t e r  and j5- c .h lo ro b e n z a m id e , c o n t a m i n a t e d  w i t h  sec o n d a ry  
am ide ,  by n u c l c o p h i l i c  a t t a c k  by t h e  e t h o x i d e  i o n  on a c a r b o n y l  c a r b o n ,  
f o l l o w e d  by c l e a v a g e  and f o r m a t i o n  o f  t h e  e s t e r  and t h e  s e c o n d a ry  amide .
A s i m i l a r  r e s u l t  was o b t a i n e d  by Tyka24 when h e  r e a c t e d  t r i b e n z o y l p h o s ­
p h in e  w i t h  e t h a n o l .
I t  h a s  lo n g  been  known t h a t  e s t e r s  c an  be p r e p a r e d  by r e a c t i n g  
a n h y d r i d e s  w i t h  a l c o h o l .  R e i d 4 7 , i n  19^9 > c a r r i e d  o u t  a l c o h o l y s i s  o f  
benzamide  and t h e  n i t r o b e n z a m i d e s , u s i n g  h y d r o c h l o r i c  a c i d  a s  a c a t a l y s t .  
He fo u n d ,  p r e d i c t a b l y ,  t h a t  t h e  amides  were  c o n v e r t e d  t o  t h e  c o r r e s ­
pon d in g  e s t e r s .
Acid  a n h y d r i d e s ,  when t r e a t e d  w i t h  ammonia,  a r e  c o n v e r t e d  t o  p r i ­
mary amides  and ammonium s a l t s . 48
The o n ly  r e p o r t e d  ammonolysis  was c a r r i e d  o u t  r e c e n t l y  on t e r t i a r y  
a m i d e s . 3 2 >27^ The e x p e c t e d  p r o d u c t s ,  p r i m a r y  amide  and s ec o n d a ry  am ide ,
e
were  o b t a i n e d :
(R-CO)3N + NH3 r - c o n h 2 + ( r - c o ) 2nh
Ammonolysis o f  t r i b e n z o y l p h o s p h i d e  a l s o  y i e l d e d  b e n z a m id e . 24
D iazom ethane  R e a c t i o n
L a b r u t o 49 r e a c t e d  d ia zo m e th a n e  w i t h  p h t h a l i m i d e  and o b t a i n e d  N- 
m e t h y l p h t h a l i m i d e . I n  s i m i l a r  f a s h i o n ,  s u c c i n i m i d e  and d i a so m e th a n e  
gave I f - m e t h y l s u c c i n i m i d e .
I n  1 9 3 5 3 I r r e r a 50 o b t a i n e d  N - m e t h y l g l u t a r i m i d e  from t h e  r e a c t i o n  
o f  d ia zo m e th a n e  and g l u t a r i m i d e ,  and N -m e th y ld ip h e n im id e  from d i p h e n i -
3
mide and d i a z o m e th a n e .
S i n c e  an a n a lo g o u s  r e a c t i o n  a t  t h e  n i t r o g e n  o f  t e r t i a r y  amide com­
pounds seems i m p o s s i b l e ,  i t  i s  o f  i n t e r e s t  t o  n o t e  w h e t h e r  d iazo m eth an e
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would a t t a c k  the carbonyl carbon o f  tr ib en zam id e  i f  indeed i t  would 
r e a c t  a t  a l l .
Brom ination and R ea ct io n  w ith  H2S04
Tyka2"1 performed r e a c t io n s  w ith  (C6H3C0)3P which fu rn ish ed  r e s u l t s  
c l o s e l y  a s s o c ia t e d  w ith  the r e s u l t s  o f  the s im i la r  r e a c t io n s  u s in g  t e r ­
t i a r y  amides as the s u b s t r a t e .
In I9 6 5 , he rea c te d  (CfiHc-CO)3P w ith  th r e e  molar e q u iv a le n t s  o f  
bromine and ob ta ined  th ree  molar e q u iv a le n t s  o f  b en zoy l bromide and one 
molar e q u iv a le n t  o f  phosphorus tr ib ro m id e .
In the same y e a r ,  he d escr ib ed  th e  r e a c t io n  between (C6H5C0)3P and 
s u l f u r i c  a c id :
(C6H5CO)s P + 1I2 S04 -  PII3  + 3C6H5 C00S03H
4
3c 6 ii5cooh + 3 h2 s o 4
These tra n sfo rm a tio n s  were performed as p a r t  o f  t h i s  i n v e s t i g a t i o n
o
u s in g  tr ib en zam id e  in s te a d  o f  t r ib e n z o y lp h o sp h in e  as th e  s u b s t r a t e .  
P y r o ly s i s
C u r t iu s 3  r ep orted  th a t  tr ibenzam id e  sublim ed undecomposed. In t h i s  
la b o r a to r y ,  h e a t in g  o f  tr ib en zam id e  le d  to  p y r o l y s i s  r a th e r  than sub­
l im a t io n .
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DISCUSSION
General
An im portant a s p e c t  o f  th e  s tu d y  o f  th e  ch em is try  o f  t e r t i a r y  
amides i s  th e  d i f f i c u l t y  w ith  which t h e s e  compounds are  prepared . The 
a r o y l  groups a re  n o t  e a s i l y  p la ced  around the  n i t r o g e n  atom in  m ole­
c u la r  models b eca u se  o f  s t e r i c  f a c t o r s .  T his  d i f f i c u l t y  i s  l e s s  s i g n i ­
f i c a n t  in  second ary  amides which p o s s e s s  on ly  two la r g e  groups on the  
n it r o g e n  atom, and t h e r e f o r e ,  are  n o t  s t e r i c a l l y  un favored .
A ls o ,  th e  s t a b i l i t y  o f  primary and secondary  amides i s  probably  
enhanced by r e so n a n ce .
•’© ..0
Or; 0 :o:  0 0 :0T
"  ' © 11 11 1
R-C-NH-C-R <+ R-C=NH-C-R «♦ R-C-M1=C-R
The a d d i t io n  o f  a th ir d  a r o y l  group on th e  n i t r o g e n  atom may i n h i b i t  
such reson an ce  in  t e r t i a r y  amides s i n c e  c o p la n a r i t y  becomes s t e r i c a l l y
e
u n fa v o r e d .
Probably th e  b e s t  method fo r  s y n t h e s i s  o f  arom atic  t e r t i a r y  amides  
i s  th e  method used by Thompson. He produced tr ib en zam id e  by r e a c t in g  
b en zo y l c h lo r id e  and benzamide in  p y r id in e  u s in g  ch loro form  as th e  
s o l v e n t .  Thompson i s  con v in ced  th a t  th e  t e r t i a r y  amide i s  formed as a 
r e s u l t  o f  d i r e c t  d i a c y l a t i o n  o f  benzamide by th e  b en zo y l c h l o r i d e ,  
s i n c e  d ibenzam ide and b en zo y l c h lo r id e  d id  n o t  r e a c t  under th e  same 
ex p er im en ta l  c o n d i t io n s  to  y i e l d  tr ib e n z a m id e .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  Thompson7  makes th e  s ta tem en t  th a t  
d i a c y l a t i o n  in  th e  ammonia system  was l im i t e d  to  primary am ides. He 
fu r th e r  s t a t e d  th a t  ammonia, as w e l l  as s e v e r a l  am in es , y i e ld e d  o n ly  
the co rresp o n d in g  s u b s t i t u t e d  benzam ides as th e  primary a c y la t io n
Ill-
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p r o d u c t .  A p o r t i o n  o f  t h i s  i n v e s t i g a t i o n  was c o n c e r n e d  w i t h  a t t e m p t s  
t o  s y n t h e s i z e  t e r t i a r y  a m id e s  by f a c i l e ,  f e a s i b l e  m e th o d s .  I t  was 
found t h a t  t r i b e n z a m i d e  c o u l d  be  s y n t h e s i z e d  e a s i l y ,  a l t h o u g h  i n  o n ly  
20$ y i e l d ,  by s i m p l y  b u b b l i n g  ammonia t h r o u g h  a  s o l u t i o n  o f  b e n z o y l  
c h l o r i d e  (25$ )  and  p y r i d i n e  ( 75$) a t  room t e m p e r a t u r e .
T h i s  method  was f i r s t  employed  by  Tyka24 i n  t h e  s y n t h e s i s  o f  
(C6H3 C 0 )3P. He s i m p l y  b u b b le d  PH3 t h r o u g h  a  s o l u t i o n  o f  b e n z o y l  c h l o ­
r i d e  ( 25$ )  and  p y r i d i n e  (75$ )  a t  room t e m p e r a t u r e  and  o b t a i n e d  t h e  p r o d u c t  
by p r e c i p i t a t i n g  i t  upon t h e  a d d i t i o n  o f  w a t e r  t o  t h e  r e a c t i o n  m i x t u r e .
From a p r o d u c t  y i e l d  s t a n d p o i n t ,  t h i s  method  c a n  n o t  compare w i t h  
t h e  m ethod  o f  s y n t h e s i s  employed by Thompson. However,  i t  i s  i n t e r e s t i n g  
i n  t h a t  t h e  r e s u l t  o f  t h i s  method i s  a d i r e c t  c o n t r a d i c t i o n  o f  t h e  s t a t e ­
ment  made by Thompson.
The i n f r a r e d  and n . m . r .  s p e c t r a  and t h e  c h e m i c a l  and p h y s i c a l  
p r o p e r t i e s  o f  t h e  t e r t i a r y  am id es  r a i s e  some v e r y  i n t e r e s t i n g  q u e s t i o n s  
c o n c e r n i n g  t h e  s t r u c t u r e  o f  t h e s e  compounds;  s e v e r a l  p o s s i b i l i t i e s  p r e ­
s e n t  t h e m s e l v e s .
S t r u c t u r e
I n  p r i m a r y  am id es  t h e  —CO—N= s y s t e m  i s  p l a n a r . 51 I f  one a ssum es  a
p l a n a r  ( s p 2 ) n i t r o g e n  a tom  i n  t h e  t e r t i a r y  am ides  t h e n  two c o n f i g u r a ­
t i o n s  a r e  p o s s i b l e :
I I
C C
s ^ n a n t i
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But  B e l l 12 h a s  shown t h a t  t h e  n . n i . r .  s p e c t r u m  o f  t r i a c e t a m i d e  h a s  a 
s i n g l e  p e a k ,  t h u s  i n d i c a t i n g  t h e  e q u i v a l e n c y  o f  a l l  t h e  h y d rogen  a tom s.  
A s i n g l e  c a r b o n y l  a b s o r p t i o n  i n  t h e  i n f r a r e d  s p e c t r u m  o f  t r i a c e t a m i d e  
s u p p o r t s  t h e  t h e o r y  t h a t  a l l  t h r e e  c a r b o n y l  g ro u p s  a r e  e q u i v a l e n t .  
T h e r e f o r e ,  t h e  a n t i  s t r u c t u r e  i s  t h e  c o r r e c t  one - -  i f  t h e  n i t r o g e n  i s  
i n  f a c t  s p 2 h y b r i d i z e d .  A c t u a l l y ,  D r e i d i n g  m ode ls  i n d i c a t e  some s t e r i c  
i n t e r f e r e n c e  be tw een  m e th y l  g roups  in. t h e  syn s t r u c t u r e .
R e a c t i o n  o f  t e r t i a r y  amides  w i t h  h y d r a z i n e  i s  i n t e r e s t i n g  i n  t h a t  
t h e  t e r t i a r y  amides  c a n n o t  assume t h e  syn  c o n f i g u r a t i o n  c o r r e s p o n d i n g  
t o  t h e  t r a n s - t r a n s  c o n f i g u r a t i o n 52 which  d ib e n za m id e  must c l e a r l y  f a v o r  
and which would be  h i g h l y  f a v o r a b l e  t o  t h e  f o r m a t i o n  o f  t h e  f i v e -  
membered t r i a z o l e  r i n g .  H y d ra z in e  d i d  n o t  r e a c t  w i t h  t r i a c e t a m i d e  o r  
t r i b e n z a m i d e  t o  y i e l d  c y c l i c  t r i a z o l e s ;  i n s t e a d ,  h y d r a z i n o l y s i s  o c ­
c u r r e d  w i t h  b o t h  compounds t o  g iv e  the s y m m e t r i c a l  d i a c y l h y d r a z i n e s .
A t h i r d  p o s s i b i l i t y  i n v o l v e s  a  p y r a m id a l  s t r u c t u r e  ( s p 3 n i t r o g e n )  
which  m ig h t  v e r y  p r o p e r l y  be c a l l e d  a t r i a c y l a m i n e :
\><i V
n ti n 
0 0 0
I n  t h e  c a s e  o f  d i a c e t a m i d e ,  t h e  e q u i v a l e n t s  o f  t h e  two p l a n a r  
s t r u c t u r e s  shown above h a v e  been  i s o l a t e d  and t h e i r  i n f r a r e d  s p e c t r a  
s t u d i e d . 52 I t  m i g h t  be  s u g g e s t e d  t h a t  t h e  8° and 78°  m e l t i n g  p o i n t s  
r e p o r t e d  f o r  t r i a c e t a m i d e  r e p r e s e n t  d i f f e r e n t  c o n f i g u r a t i o n a l  i so m ers  
s e l e c t e d  from t h e  t h r e e  p o s s i b i l i t i e s  shown. The s t e r i c  i n t e r f e r e n c e
9
i n  t h e  syn  s t r u c t u r e  would s u r e l y  make i t  t h e  l e a s t  s t a b l e ,  i f  indeed  
i t  can  e x i s t  a t  a l l ;  b u t  i s o l a t i o n  o f  t h e  a n t i  and p y r a m id a l  forms 
m ig h t  be  p o s s i b l e .  T h i s  s u g g e s t i o n  h a s  n o t  b e en  s u p p o r t e d  by r e c e n t
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work1 2 >S 7 a i n  t h i s  l a b o r a t o r y ,  where  c onvers ion ,  o f  t h e  8°  form t o  t h e  
78°  m a t e r i a l  was n o t  e f f e c t e d  by h e a t i n g ,  c o o l i n g  o r  p ro lo n g e d  s t a n d i n g .  
The a n a lo g o u s  t r a n s f o r m a t i o n  t o  t h e  h i g h e r  m e l t i n g  form o c c u r s  r e a d i l y
p
enough w i t h  d i a c e t a m i d e .
A somewhat d i f f e r e n t  s t r u c t u r a l  s i t u a t i o n  e x i s t s  f o r  t h e  a r o m a t i c  
t e r t i a r y  a m id e s .  D r e i d i n g  models  o f  t r i b e n z a m i d e  show c l e a r l y  t h a t  t h e  
m o le c u le  c a n n o t  be  p l a n a r  i n  t h e  syn  s t r u c t u r e  shown above .  A p l a n a r  
s t r u c t u r e  i s  f e a s i b l e  f o r  t h e  a n t i  s t r u c t u r e ,  though t h e  models  show 
a b o u t  a s  much s t e r i c  i n t e r f e r e n c e  a s  i s  p r e s e n t  i n  t h e  p l a n a r  c o n f i g u r ­
a t i o n  o f  t h e  t r i t y l  c a t i o n  o r  o f  benzophenone .  J o n e s 53 has  c a l c u l a t e d  
an a n g l e  o f  a b o u t  39°  b e tw een  th e  p l a n e s  o f  t h e  benzene  r i n g s  i n  
benzophenone .  Thus ,  w h i l e  t h e  p l a n a r  a n t i  s t r u c t u r e  may be p o s s i b l e ,  
t h e  sy n  s t r u c t u r e  can  o n ly  e x i s t  i f  t h e  p h e n y l  r i n g s  a r e  t w i s t e d  o u t  
o f  p l a n e .  Maximum It i n t e r a c t i o n  be tw een  t h e  c a r b o n y l s  and th e  benzene  
r i n g s  would r e q u i r e  r o t a t i o n  a b o u t  t h e  C~N s i n g l e  bond; t h e n ,  h ow ever ,  
t h e r e  i s  l i t t l e  r e a s o n  f o r  t h e  n i t . r o g e n  atom t o  be  sp2 h y b r i d i z e d  (w i th  
a p a i r  o f  n o n -b o n d in g  e l e c t r o n s  i n  t h e  p o r b i t a l ) ,  and i t  would p r e ­
sumably  r e v e r t  to  t h e  s p 3 s t a t e .
P r im ary  a m id e s ,  which  a r e  known t o  be  p l a n a r ,  h a v e  a c a r b o n y l  
a b s o r p t i o n  a t  6 .0  (j,, s l i g h t l y  s h i f t e d  from t h e  c a r b o n y l  peak  o f  a  t e r ­
t i a r y  am ide .  T h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  c a r b o n y l  g roup  o f  
p r im a ry  amides  does  n o t  p o s s e s s  t h e  same c h a r a c t e r i s t i c s  as  t h e  c a r b o n y l  
g roups  o f  a t e r t i a r y  am ide .  I t  i s  p o s s i b l e  t h a t  t h i s  n o n e q u iv a l e n c y  i n  
c a r b o n y l  c h a r a c t e r i s t i c s  i s  b r o u g h t  a b o u t  by a  d i f f e r e n c e  i n  t h e  s t e r e o ­
c h e m i s t r y  o f  t e r t i a r y  and p r im a ry  a m id e s .  I f  t h i s  a s s u m p t io n  can  be 
made, t h e n  i t  can  be  s a i d  t h a t  t e r t i a r y  amides  a r e  n o t  p l a n a r  a s  a r e  
p r im a ry  a m id e s ,  b u t  a r e  p y r a m i d a l .
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Like t r ia c e t a m id e , the arom atic  t e r t i a r y  amides (o th e r  than N- 
b e n zo y lp h th a lim id e )  which were examined in  t h i s  la b o r a to r y  show on ly  
a s i n g l e  in fra r e d  carbonyl a b s o r p t io n .  Thus, the. carb on y l groups  
must be sy m m etr ica l ly  o r i e n t e d ,  and th e  two s t r u c t u r a l  p o s s i b i l i t i e s  
for  t e r t i a r y  amides are  th e  p lan ar  a n t i  c o n f ig u r a t io n  or the pyram idal  
model. The pyramidal arrangement i s  fa v o red  by o b s e r v a t io n  in  t h i s  
la b o r a to r y  th a t  tr ib en zam id e  has a permanent d ip o le  moment.54
S e v e r a l  o b se r v a t io n s  do not su p p ort th e  s u g g e s t io n  th a t  t e r t i a r y  
amides p o s s e s s  a pyramidal s t r u c t u r e .
I t  was ex p ected  th a t  t e r t i a r y  a m id es , h a v in g  th e  tr ia c y la m in e  
s t r u c t u r e ,  might form quaternai-y s a l t s  as  do t e r t i a r y  am in es . However, 
tr ib en zam id e  f a i l e d  to  r e a c t  w ith  m eth yl i o d i d e .  Had th e  t e r t i a r y
c
amide undergone N -m e th y la t io n ,  th e  pyram idal s t r u c t u r e  would have been  
s t r o n g ly  in d ic a t e d .  F a i lu r e  to  r e a c t  w ith  m eth yl io d id e  does n o t  
e s p e c i a l l y  r u le  out th e  pyram idal s t r u c t u r e ,  how ever, s i n c e  the  n u c le o -  
p h i l i c i t y  o f  th e  n i t r o g e n  would be s t r o n g ly  d im in ish e d  even by in d u c­
t i v e  i n t e r a c t io n s  o f  th e  c a r b o n y ls .  jj-Bromophenacyl bromide was a l s o  
h eated  w ith  tr ib en zam id e  in  an e f f o r t  to  a c h ie v e  q u a t e r n iz a t io n  o f  th e
o
t e r t i a r y  amide n i t r o g e n .  Only u n rea c ted  tr ib en za m id e  was o b ta in e d .
Another p ie c e  o f  e v id e n c e  which does  n o t  fa v o r  the a ss ig n m en t o f  
the tr ia c y la m in e  s t r u c t u r e  to  t e r t i a r y  amides i s  th e  la c k  o f  s u c c e s s  
in  red u c in g  t e r t i a r y  amides to  th e  c o rr e sp o n d in g  t e r t i a r y  am in es . In  
a l l  c a s e s ,  r e d u c t io n  gave t o t a l l y  u n exp ected  r e s u l t s .
Probably th e r e  would be l i t t l e  C=N d ou b le  bond c h a r a c te r  in  e i t h e r  
o f  the  two p o s s i b l e  c o n f ig u r a t io n s  (p la n a r  or pyram idal N) though th e  
bond order would c e r t a i n l y  be h ig h e r  in  th e  p la n a r  m o le c u le  than in  th e  
pyramidal s t r u c t u r e .  C o rresp o n d in g ly ,  th e  in f r a r e d  carb on y l a b so r p t io n
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s h o u ld ,  and d o c s ,  appear in  th e  v i c i n i t y  o f  t h a t  o f  a ld eh y d es  and 
k e to n e s .  A l l  o f  th e  t e r t i a r y  amides th u s  f a r  i n v e s t i g a t e d  in  t h i s  
la b o r a to r y  show a s tr o n g  a b s o r p t io n  a t  1 2 5 0 - 1 2 6 0  cm- 1 , in  th e  r e g io n  
o f  th e  " im ide I II"  band a s s ig n e d  by Uno and Machida52 to  C—N~C a n t i ­
symmetric s t r e t c h i n g  w ith  a c o n t r ib u t io n  from N- II in - p la n e  d e fo r m a tio n .  
The N~II c o n t r ib u t io n  i s ,  o f  c o u r s e ,  im p o s s ib le  f o r  th e  t e r t i a r y  am id es.  
The c h a r a c t e r i s t i c  a b s o r p t io n  a t  abou t 12^ 4-0 cm'1 i s  a lm o s t  o f  n e c e s s i t y  
a C—N s t r e t c h i n g  a b s o r p t io n  l i k e  th a t  o b served  in  th e  same v i c i n i t y  
fo r  arom atic  am in es . (S ee  Table I . )
S in c e  a l l  th e  a c y c l i c  t e r t i a r y  amides s t u d ie d  thus f a r  show th e  
same s p e c t r a l  c h a r a c t e r i s t i c s ,  t h e i r  s t r u c t u r e s  must be c l o s e l y  r e l a t e d ;  
th e  C~N b on d s, f o r  exam ple , must be th e  same in  ev ery  c a s e .  I t  i s ,  
t h e r e f o r e ,  s u g g e s te d  th a t  t e r t i a r y  amides p o s s e s s  a pyram idal s t r u c t u r e  
and a r e  n o t  c o p la n a r  m o le c u le s ,  a t  l e a s t  in  th e  c a s e s  s tu d ie d  thus f a r .  
T his  s u g g e s t io n  i s  based  m ain ly  on ph}Ts i c a l  d a ta  such as  s p e c t r a l
o
s t u d i e s ,  d ip o le  moment measurements and m o le c u la r  model o b s e r v a t io n s .
As was s t a t e d ,  th e  f a c t  th a t  t e r t i a r y  amides d id  n o t  form qu atern ary  
n i t r o g e n  compounds and w ere n o t  reduced  to  t e r t i a r y  amines does  n o t  
p r e c lu d e  th e  p o s s i b i l i t y  t h a t  t h e s e  compounds p o s s e s s  a pyram idal 
s t r u c t u r e .  I t  i s  p o s s i b l e  th a t  t h e s e  r e a c t i o n s  would occur under d i f ­
f e r e n t  c o n d i t i o n s .
R e a c t io n s
From o b s e r v a t io n s  to  d a t e ,  t e r t i a r y  am ides r e a c t  somewhat a s  do 
prim ary and second ary  a m id es ,  w ith  some marked d i f f e r e n c e s .  H y d r o ly s is  
and ammonolysis proceed  rem arkably r a p id ly  in  some c a s e s ;  q u a l i t a t i v e l y ,  
a t  l e a s t ,  th e  h y d r o l y s i s  o f  t r ia c e t a m id e  p ro ceed s  as r a p id ly  in  n e u t r a l
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T a b le  I .  C h a r a c t e r i s t i c  I n f r a r e d  A b s o r p t i o n s  (cm- 1 ) o f  T e r t i a r y  Amides
C-0 C-N
T r ia ce ta m id e 3 1725 1 2 3 0
N -B en zo y lp h th a lim id eb 1 7 0 0 -1 8 0 0 ° 12i; 3 , 1260
Tribenzamide^ 1705 12if5
j^ '-T r im eth y l-* 3 1695 1260
4 , if7 -T r im e th y l-k 1713 1253
i f ,4 7 ,if7/-T rim ethoxy-k 1725 1 2 3 0
e
i f , i f7 , i f " - T r in i t r o - b 17.35 1 2 3 0
if , i f7 j if^ -T r ic h lo r o -k 1705 12if0
(a )  N eat l i q u i d ;  (b ) KBr d i s c ; ( c )  if P ea k s , s t r o n g e s t  a t  1738 cm”1 ;
(d ) N u jo l m u l l .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
s o l u t i o n  as does th e  h y d r o ly s i s  o f  a c e t i c  a n h y d r id e ,  and i s  v ery  much 
f a s t e r  in  th e  p resen ce  o f  a tr a c e  o f  a c id .  I t  i s  not s u r p r is in g  th a t  
t r ia c e ta m id e  should be more r e a c t i v e  toward n u c le o p h i le s  than i s  a c e t -  
arnide or even d ia c e ta m id e ,  because  o f  th e  g r e a t e r  e l e c t r o p h i l i c i t y  o f  
th e  carb on yl carbons in  t r ia c e t a m id e ,  th e  s t e r i c  req u irem en ts  about th e  
n it r o g e n  atom, and th e  r e l a t i v e  a c i d i t i e s  o f  th e  l e a v in g  groups in  the  
th re e  c a s e s .  However, N _-acety lph thalim ide r e p o r t e d ly  can be r e c r y s t a l ­
l i z e d  s u c c e s s f u l l y  from b o i l i n g  w a t e r .55 I t  i s  d i f f i c u l t  to  s e e  why 
such a compound would n o t be hyd rolyzed  a t  th e  N - a c e t y l  bond even more 
r e a d i l y  than i s  t r ia c e t a m id e .  A c t u a l ly ,  pro longed  d i g e s t i o n  w ith  
b o i l i n g  w ater  opens th e  im ide r in g ,  to  form N -a c e ty lp h th a la m ic  a c i d ,  
ra th e r  than a t t a c k in g  th e  a c e t y l  g ro u p .55 A ngle s t r a i n  in  the  imide  
r in g  may accou n t fo r  th e  observed  r e a c t io n  p a th .
I n t e r e s t i n g l y ,  t o o ,  tr ib en zam id e  i s  not r e a d i ly  a f f e c t e d  by b o i l ­
in g  w a te r ;  fu rth erm ore , Thompson7 , in  th e  co u rse  o f  h i s  p r e p a r a t io n s ,
o
e x tr a c te d  ch loroform  s o l u t io n s  o f  v a r io u s  arom atic  t e r t i a r y  amides w ith  
1 N h y d r o c h lo r ic  a c id  and w ith  O. 5  N sodium hyd rox id e  s o l u t i o n ,  ap­
p a r e n t ly  w ith o u t  e x t e n s iv e  h y d r o ly s i s  o f  th e  t e r t i a r y  am ides.
Q
The t e r t i a r y  amide system  sh o u ld ,  and d o e s ,  show i n t e r e s t i n g  
r e s u l t s  when r ea c te d  w ith  v a r io u s  r e a g e n t s .  A su rv ey  o f  some r e a c t io n s  
o f  tr ib en zam id e  as a r e p r e s e n t a t iv e  t e r t i a r y  amide in c lu d e s  th e  f o l l o w i n
Tribenzamide R eduction
R ed u ction  o f  tr ib en zam id e  to  t r ib e n z y la m in e  was n o t  a c h ie v e d .  The 
u su a l r e d u c t io n  m ethods, _i.ji. , sodium and a l c o h o l  and z in c  amalgamhydro- 
c h l o r i c  a c id  (Clemmensen r e d u c t io n )  appear to  c l e a v e  the  compound b e fo r e  
r e d u c t io n  can occu r . Benzamide and e t h y l  b en zo a te  were ob ta in ed  from
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th e  sodium and a lc o h o l  r e d u c t io n ,  and b e n z o ic  a c id  and dibenzam ide were  
ob ta in ed  from the attem pted Clemmensen r e d u c t io n .  These products can be 
seen  as a r i s i n g  from an a t t a c k  011 th e  carb onyl carbon by e th o x id e  ion  in  
the sodium and a lc o h o l  r e d u c t io n ,  and by an a t t a c k  on th e  carbonyl c a r ­
bon by th e  c h lo r id e  ion  in  the Clemmensen r e d u c t io n  a ttem p t.
I t  seemed l i k e l y  th a t  c a t a l y t i c  h y d ro g en a tio n  should have s u c c e s s ­
f u l l y  reduced the compound s in c e  th ere  was l e s s  l i k e l ih o o d  o f  c le a v a g e .  
However, th e  method d id  not prove to  be e f f e c t i v e  a t  a l l ;  th ere  was no 
r e a c t io n .
The pow erful red u c in g  a g e n t ,  l i t h iu m  aluminum h y d r id e  was used w ith  
s u r p r is in g  r e s u l t s .  The expected  l i t h iu m  s a l t  was produced, and gave ,  
upon h y d r o l y s i s ,  r e l a t i v e l y  sm all y i e l d s  o f  N -benzylbenzam ide. The r e ­
a c t io n  was thus analogous to  th a t  rep orted  fo r  secondary  amides2 5 , but  
i t  i s  a t  f i r s t  g la n c e  s u r p r is in g  th a t  th e  N -a lk y lam id e  was not reduced
0
f u r t h e r ,  e s p e c i a l l y  s in c e  a J > : 1  mole r a t i o  o f  l i t h iu m  aluminum hyd rid e  
to  tr ibenzam id e  was employed.
A mechanism fo r  t h i s  r e d u c t io n  and an e x p la n a t io n  o f  the products  
have been p r e se n te d 27 *^: . . .
H b )
a ih 4 - I*
(C6H5 C0)3N --------5— > C6H5 CO-NrCIb-C6H5  -»
I* .
c 6h5- c = o - a i h 3  
+ ( - )
c 6h5 c o -n = c - c 6h5 + c 6h5cho
o a ih 2  a i h 4 "
I -------------------------- 1--------— > c 6h5 ch2 oh
( - )
OA1H3
c 6% 9 7 n™ - “?— c 6%  -  c 6h5 ch2 n = = c - c 6h5
h2o
] y -  . —  -  -  -  ,
H . . 6a1II2  0A1H2
h ( - )
c 6h5 ch2 nhcoc6h5  -  c 6 h5 ch2 n = c - c 6h5
OH
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In th e  second s te p  o f  t h i s  mechanism, th e  e l e c t r o n s  o r i g i n a l l y  
forming a G—N bond m ig ra te  toward th e  carbon a t ta ch ed  to  th e  p o s i t i v e l y  
charged oxygen atom. I t  i s  su g g ested  th a t  th ey  a re  a t t r a c t e d  toward 
t h i s  carbon becau se  i t  has a g r e a te r  p o s i t i v e  charge than th a t  r e ­
s i d i n g  on th e  carbonyl carbon o f  th e  b en zo y l  group.
No b en zy l a lc o h o l  was i s o l a t e d ,  but an in fr a r e d  spectrum o f  th e  
rem aining o i l  from which th e  c r y s t a l s  o f  N -benzylbenzam ide were f i l ­
te r ed  showed h yd roxy l a b s o r p t io n .
The c h em is try  o f  t e r t i a r y  amides was shown to  be s im i la r  to  th e  
ch em istry  o f  e s t e r s  and ord in ary  amides when l i t h iu m  d ieth oxya lu m in o-  
h y d rid e  was used as a red u c in g  a g e n t .  Brown and Tsukamoto8  had e a r l i e r  
prepared a ld eh yd es  by red u c in g  N ,N -dim ethylam ides w ith  l i t h iu m  d ie th o x y -  
a lu m in o h y d r id e . Zakharkin and K h or lin a 2 9 j3 0  had a l s o  prepared a l d e ­
hydes in  a s im i la r  manner', th ey  reduced both  d ia lk y la m id e s  and e s t e r s  
to  a ld eh y d es  u s in g  d iisob u ty la lu m in u m  h y d r id e  as a r ed u c in g  a g e n t .
o
c
As m igh t have been p r e d ic t e d ,  tr ib en zam id e  gave good y i e l d s  o f  
benza ldehyd e upon r e d u c t io n .  The o th e r  produ ct was i d e n t i f i e d  as N- 
benzylbenzam ide and was produced in  90$ y i e l d .  The method o f  prepara-  
t i o n  o f  th e  d ie th oxya lu m in oh yd rid e  r ed u c in g  a g en t  appeared to  have some 
e f f e c t  on th e  y i e l d  o f  b en za ld eh yd e. The y i e l d  was v ery  sm all when 
e t h y l  a c e t a t e  and l i t h iu m  aluminum h y d r id e  were used to  prepare th e  
r e a g e n t ;  how ever, when e t h y l  a lc o h o l  and l i t h iu m  aluminum h yd rid e  were  
used to  prepare th e  r ed u c in g  a g e n t ,  h ig h  y i e l d s  o f  benzaldehyd e were
o
o b ta in e d .
o
Diborane and sodium borohydride  were employed as red u c in g  a g en ts  
fo r  tr ib en zam id e  w ith  th e  r e s u l t s  b e in g  s i m i l a r  to  th o se  ob ta in ed  by 
Cowart27^ , who ob ta in ed  N -(_ g -ch lo ro b en zy l)- j3-ch lorob en zam id e  and a
5
00
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h ig h - m e l t in g  w h it e  s o l i d  from th e  r e d u c t io n  o f  , ^ - t r i c h l o r o t r i -
benzamide w ith  d ib o ra n e .
N-Benzylbenzam ide and b e n z y l  a l c o h o l  were o b ta in e d  from th e  r e ­
d u c t io n  o f  tr ib e n z a m id e .  No o th er  s o l i d  p rod u ct was o b t a in e d .  I t  was 
a n t i c i p a t e d  t h a t  sodium b oroh yd rid e  m igh t be used  to  red uce  t r i b e n z ­
amide in  much th e  same manner th a t  i t  was employed to  red uce  p l i th a l-  
im ides  to  h y d r o x y p h th a l im id in e s , 35
< ^ V C0\  BaBB* r ^ V CH0\
j N - R  —> I IN-R
V arious a t tem p ts  were made to  i s o l a t e  a p rod u ct s i m i l a r  to  th e  
a b o v e , u s in g  v a r io u s  ex p e r im en ta l  c o n d i t i o n s ,  b u t th e  o n ly  p rodu ct  
which c o u ld  be i s o l a t e d  was N -b en zy lb en zam id e .
A mechanism an a logou s  to  th a t  o f  th e  l i t h i u m  aluminum h y d r id e  r e ­
d u c t io n  has b een  s u g g e s te d 27^:
O r " 'BH4  I
( c 6h5 c o ) 3 N — — >  c 6h5 c o - n ^ - c 6 h5  -
I H
C6 H5 C ^ B ] j 3
c 6h5 c o - n = c - c 6h5  +  c 6 h5cho  
BH4~ obh2
c 6 h5 c - n = c - c 6 h5  c 6 h5 ch2 oh
> 1  I
H obh2
H
c 6 h5 ch2 n = g -c 6 h5
obh2
H2 0 '
C6H5 CH2 N=C-C6 H5  +  hobh3
I X
c 6h5 ch2 n h c o - c 6 h5
T ribenzam ide was a l s o  reduced to  N -b en zy lb en zam id e  u s in g  z in c  d u st  
and a c e t i c  a c id  as  th e  r e d u c in g  a g e n t .  I t  was s p e c u la t e d  th a t  t h i s  r e ­
d u c t io n  m ight proceed  in  a manner s i m i l a r  t o  t h a t  d e s c r ib e d  by B rew ster 5 6
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who performed th e  f o l l o w i n g  r e a c t io n  u s in g  z in c  and a c e t i c  a c id  as  the








A p p ly in g  an  a n a l o g o u s  mechanism t o  t h e  t r i b e n z a m i d e  r e d u c t i o n ,  t h e  f o l -
■H
low in g  seq uence  m ight be p r e d ic te d :
cr Zno') 0 -H  0-.
H - J r  i  fc eH5c CC6 H5 -» C6 1I5 C— - c c 6 h 5 
IT  w
ioc6n5 c o c 6 h 5
I
O -H  0
i
Ot H 0
\ J  II
CGH5 p  CC6 H5  C6 Hs (
fcjlH 
c o c 6 h 5  ^
H+
n ( - )
CC6 He
d:oc«
c 6 h 5 c o c o c 6 h 5 +  c 6 h5 c o n i-i2  
c 6 h 5 c o h c 6 c 6 h5
An in f r a r e d  spectrum  o f  th e  w h it e  s o l i d  produ ct matched th e  s p e c ­
trum o f  N -b en zy lb en zam id e , bu t th e  m e l t in g  p o in t  o f  th e  product was ap­
p r o x im a te ly  15° low er  than th e  m e l t in g  p o in t  o f  N -benzylbenzam ide.
Only a f t e r  r e p e a te d  r e c r y s t a l l i z a t i o n s  u s in g  a w ide range o f  s o lv e n t s  
was th e  m e l t in g  p o in t  o f  th e  p rod u ct made to  match th a t  o f  N -b e n z y l­
benzam ide. I t  i s  i n t e r e s t i n g  to  s p e c u l a t e  t h a t  perhaps b e n z i l  or ben­
z o in  was produced in  sm a ll  y i e l d s  by th e  above mechanism. A s tu d y  o f  
th e  in f r a r e d  spectrum  o f  th e  r e a c t i o n  p rod u cts  y i e ld e d  no c o n c lu s iv e  
e v id e n c e  c o n cern in g  t h i s  p o s s i b i l i t y .
0
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Grignard R ea ct io n s  o f  Tribenzamide
I n v e s t i g a t io n  o f  th e  a c t io n  o f  Grignard r e a g e n ts  on tr ibenzam id e  
le a d s  to  th e  c o n c lu s io n  th a t  t e r t i a r y  amides r e a c t  s i m i l a r l y  to  e s t e r s ,  
am ides, and a c id  a n h y d r id e s .  The r e a c t io n s  fo l lo w e d  a p a t t e r n ,  and the  
products ob ta in ed  appeared to  be dependent on th e  type o f  Grignard r e ­
agen t u s e d .
An e s t e r - t y p e  r e a c t io n  was observed when phenylmagnesium bromide 
was used as  the Grignard r e a g e n t .  The main product was t r ip h e n y l -  
c a r b in o l .  However, when a l i p h a t i c  Grignard r ea g e n ts  were u sed , k e to n es  
were always produced. With methylmagnesium brom ide, acetophenone was 
produced; ethylm agnesium  bromide y ie ld e d  p rop iop h en on e; w ith  h e x y l -  
magnesium brom ide, h e x y l  phenyl k e ton e  was o b ta in e d .  Even when an 
e i g h t - f o l d  e x c e s s  o f  Grignard r ea g en t  was u s e d ,  th e s e  k e to n es  were  
i s o l a t e d .
The s im p le s t  e x p la n a t io n  o f  th e s e  r e s u l t s  i s  th a t  w ith  arom atic  
Grignard r e a g e n t s ,  t e r t i a r y  amides r e a c t  as e s t e r s  do in  th e  manner 
d e scr ib e d  by Grignard4 5 , i . e . ,
In th e  r e a c t io n  betw een tr ib en zam id e  and phenylmagnesium brom ide, 
i t  i s  c l e a r  th a t  benzophenone i s  formed b e fo r e  h y d r o l y s i s ,  and t h i s  
k eton e  i s  a tta ck ed  by an oth er  mole o f  Grignard r e a g e n t  to  y i e l d
R-COOR' + R^MgX -* R-C-OR -> R-C-R" + R'OMgX
OMgX
But w ith  a l i p h a t i c  r e a g e n t s ,  t e r t i a r y  amides r e a c t  as primary
amides do in  the manner d e sc r ib e d  by Maxim3 9  to  y i e l d  o n ly  k e to n e s .
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t r ip h e n y lc a r b in o l . However, in  th e  r e a c t io n  between tr ib en zam id e  and 
an a l i p h a t i c  Grignard r e a g e n t ,  the k eton e  must be formed a f t e r  hydro-
phenylmagnesium bromide r e a c t s  w ith  tr ib en zam id e  to  form th e  Grignard  
a d d i t io n  product which undergoes e l im in a t io n  to  y i e l d  benzophenone  
b ecause  o f  a r e l a t i v e  s t r a i n  due to  s t e r i c  f a c t o r s  caused by th e  la r g e  
phenyl groups which a re  a tta ch ed  to  th e  carb onyl carbon . This s t e r i c  
s t r a i n  i s  not n e a r ly  as g r e a t  when a l i p h a t i c  Grignard r ea g e n ts  are  
used; t h e r e f o r e ,  bond rearrangem ent i s  n o t  as l i k e l y  to  occu r .
The th eory  th a t  s t e r i c  f a c t o r s  p la y  a la r g e  r o l e  in ,d e te r m in in g  
th e  f i n a l  produ cts  in  r e a c t io n s  between t e r t i a r y  amides and Grignard
1 Pr ea g e n ts  i s  supported by the work o f  B e l l .  He o b ta in ed  o n ly  a c e t o -  
phenone from th e  r e a c t io n  o f  tr ia c e ta m id e  and phenylmagnesium bromide.
T i s s i e r  and Grignard4 2  rep o rted  th a t  t e r t i a r y  a lc o h o l s  were pro­
duced when e t h e r e a l  s o l u t i o n s  o f  a c e t i c  or b e n z o ic  anhydride were  
added to  e t h e r e a l  methylmagnesium io d id e .  F o u rn ier 5 7  showed th a t  in  
r e a c t io n s  em ploying h igh  d i l u t i o n  and r e v e r s e  a d d i t io n ,  and o p e r a t in g  
a t  Dry I c e  tem p erature , th e  f i r s t  s te p  i s  k e ton e  and a c id  fo rm a tio n .
l y s i s :
( l )  c 6h5- g o - n ( c o - c 6 h5 ) 2
CGH5MgBr
OyMgBr
(C6H5 ) 2CO + BrMgN(COCGH5 ) 2
C6H5MgBr
( C6 H5 ) 3C—OMgBr ■> ( c 6h5 ) 3c -o h
(2 )  C6H5 C0-N(C0-€6 1I5 ) 2
C6H5 COCH2-R  + BrMgN(COCeH5 )
An e x p la n a t io n  fo r  t h i s  phenomenon has been o f f e r e d
O-MgBr
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Newman58 showed th a t  k e to n e s  cou ld  be s t a b i l i z e d  a t  tem peratures  o f  
ap p ro x im a te ly  -7 0 °C , and th a t  t h e i r  s o l u b i l i t i e s  were d e c r e a s e d .  By 
u s in g  tem p eratures  r a n g in g  from J ) k ° C  to  -57°C> Newman and Smith"1'3 
were a b le  to  o b ta in  2-hexanone in  5 1 $ y i e l d  by th e  r e a c t io n  o f a c e t i c  
anhydride and n-butylm agnesium  bromide. T his  y i e l d  o f  hexanone was 
in c r e a s e d  to  8 5 $ by lo w e r in g  th e  tem perature to  -80°C . These o b se rv a ­
t io n s  su p p ort th e  r e s u l t s  ob ta in ed  when tr ib en za m id e  was r e a c te d  w ith  
a lk y l  Grignard r e a g e n t s ,  jL-e«, th a t  k e to n es  can be produced and can  
s u r v iv e  in  an environm ent which would o r d i n a r i l y  be con d u cive  to  
fu r th e r  a t t a c k  o f  th e  k e to n e  by a Grignard r e a g e n t .  However, a t  th e  
r e l a t i v e l y  h ig h  tem p eratures  employed in  t h i s  i n v e s t i g a t i o n ,  i t  i s  
much more l i k e l y  th a t  k e to n es  and Grignard r e a g e n ts  do not c o e x i s t ,  
and th a t  th e  k e to n e  i s  formed o n ly  when th e  r e a c t io n  m ixtu re  i s  h yd ro­
ly z e d  .
An a ttem p t was made to  r e a c t  _t-butylmagnesium bromide w ith  t r i -
0
o
benzam ide. The produ ct ob ta in ed  was a brown, ex tr em e ly  v i s c o u s  o i l  
which cou ld  n o t  be d i s t i l l e d  or r e c r y s t a l l i z e d .
R e a c t io n  o f  Tribenzam ide and Amines
P r io r  i n v e s t i g a t i o n s  in  t h i s  la b o r a to r y 2 7 3 have shown th a t  when 
h y d ra z in e  h y d ra te  was added to  t e r t i a r y  amides which were p a r t i a l l y  
d i s s o l v e d  in  h o t  e t h a n o l ,  th e  sym m etrica l d ia r o y lh y d r a z in e s  were pro­
duced .
I t  was a t  f i r s t  s p e c u l a t e d  t h a t  t h e  r e a c t i o n  b e tw ee n  t e r t i a r y  
am ides  and h y d r a z i n e  m i g h t  p r o c e e d  i n  a  manner  a n a l o g o u s  t o  t h e  r e a c t i o n  
o f  s e c o n d a r y  amides  w i t h  h y d r a z i n e  t o  y i e l d  3 , 5 - d i s u b s t i t u t e d - l , 2 , 4  
t r i a z o l e s . 07 T r i a z o l e  f o r m a t i o n  m ig h t  p r o c e e d  a s  f o l l o w s :
n
0
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( c 6h 5 c o  ) 2 n - c o - c C)h 5
n h 2n h 2
HO NHNH2
-> c 6 h 5- c - n - c o - c g h 5  ->
!OC6h 5
HO N1I-NH  OH N-N
\ /  \ /





I t  i s  n o t  s u r p r i s i n g  th a t  th e  above r e a c t i o n  d id  n o t  occu r  s i n c e ,  
as was p o in te d  o u t e a r l i e r ,  t e r t i a r y  amides cannot assume th e  syn  
p lan ar  co n fo rm a tio n ;  t h e r e f o r e ,  t h e i r  carb o n y l groups a re  n o t  p o s i ­
t io n e d  so  as  to  fa v o r  fo rm a tio n  o f  th e  five-m em bered t r i a z o l e  r in g .
H y d r a z in o ly s is  i s  a l s o  fa v o red  by th e  f a c t  th a t  t e r t i a r y  amides  
a re  more r e a c t i v e  toward n u c l e o p h i l i c  d isp la c e m e n t  than a re  second ary
e
am id es .
When tr ib en za m id e  was r e a c te d  w ith  p h e n y lh y d r a z in e , th e  ex p ec ted  
n u c l e o p h i l i c  a t t a c k  occu rred  on th e  c a rb o n y l carb on . Whereas in  the  
h y d r a z in e  r e a c t i o n ,  th e  t e r t i a r y  amide was a g a in  a t ta c k e d  by th e  N- 
b e n z o y lh y d r a z in e  to  y i e l d  th e  d ia r o y lh y d r a z in e , in  th e  ph en y lh yd raz in e  
r e a c t i o n ,  f u r t h e r  a t t a c k  on th e  t e r t i a r y  amide m o le c u le  was n o t  p o s ­
s i b l e  due to  s t e r i c  h in d r a n c e .  The end p rodu ct in  t h i s  r e a c t io n  was 
b e n z o ic  a c id  p h e n y lh y d r a z id e .
( c 6h5 c o ) 2 n:-cc
C rHc-NHNH,
>  (C 6 H5 C O )2 lhi (>-C6H5 
NHNHCrH;
c 6h 5 c o n h n h c 6h 5 +  ( c 6h 5 c o ) 2 n h
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Amines which did  not p r e se n t  s t e r i c  problems r e a c te d  r e a d i ly  w ith  
tr ib en zam id e  to  y i e l d  ^ - s u b s t i t u t e d  benzam ides. This r e a c t io n  was ob­
served  when benzylamine. and eth y lam in e  were th e  n u c le o p h i l i c  a g en ts  
employed. D ie th y la m in e  d id  not r e a c t  w ith  tr ib en zam id e  in  a s a t i s f a c ­
to r y  manner. Extrem ely sm all  y i e l d s  o f  d ibenzam ide were obta ined  as  
w e l l  as  sm a ll  q u a n t i t i e s  o f  a c r y s t a l l i n e  m a t e r ia l  which p o s se s se d  a 
wide m e lt in g  range ( l8 0 ° - l8 6 ° C )  and which could not be p u r i f i e d .  D i-  
benzylam ine did  not r e a c t  w ith  tr ib en za m id e , probably b ecau se  o f  s t e r i c  
h in d ra n ce .
When tr ib en zam id e  was r e f lu x e d  in  p y r id in e ,  a n u c le o p h i l i c  a t t a c k  
on th e  carb on y l carbon o b v io u s ly  took p la c e .  The produ cts  i s o l a t e d  
were dibenzam ide ( -^0 $ )  and b en z o ic  a c id  (7 5 /®)* The f o l lo w in g  r e a c t io n  
must ]
An i n t e r e s t i n g  r e a c t io n  was observed  when tr ib en zam id e  was rea c te d
p o s s e s s e d  a m e lt in g  p o in t  o f  2 9 0 ° -2 9 5 * 5 °C • The compound was i d e n t i f i e d  
as  2 -p h e n y lb e n z im id a z o le  by a com parison o f  i t s  in fr a r e d  spectrum w ith  
th e  spectrum o f  2 -p h e n y lb e n z im id a z o le .  The mechanism fo r  the r e a c t io n  
i s  as  f o l l o w s :
(C6H5 CO)2N-CO-C6 H5
HOH
(C6 H5 C0)2NH + C6 H5 C00H +
w ith  _o-phenylenediam ine. A w h ite  c r y s t a l l i n e  compound was ob ta in ed  which
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( c 6 h s c o ) 2 n - c o - c 6 h 5  +
h 2 n
HvO









•NHX O -H  
N 1K C' C 6 H5
The d r iv in g  fo r c e  fo r  t h i s  r e a c t io n  i s  form ation  o f  th e  more e x t e n s iv e  
arom atic  system .
Ammonia was a l s o  caused to  r e a c t  w ith  t e r t i a r y  amides and gave the  
exp ected  p r o d u c ts ,  th e  primary and th e  secondary am ides.
( c 6 h 5 c o ) 2 n - c o - c 6 h 5  2 - >  C 6 H5 C - £ - N ( C C ^ C 6 H 5 , 2
I 7
^Hg-H
C 6 H5 CONHg +  ( C 6 H5 C O )2 NH
R ea ctio n  w ith  Diazomethane
E a r l i e r  i n v e s t i g a t o r s 4 9 ’ 50  s tu d ie d  th e  r e a c t io n  o f  diazom ethane  
w ith  v a r io u s  im ides and ob ta ined  N -m eth ylated  p r o d u c ts ,  ,
0 0
IIco>™ 3
S in c e  i t  i s  im p o ss ib le  fo r  t e r t i a r y  amides to  undergo a s im i la r  r e a c t i o n ,  
i t  was a n t ic i p a t e d  th a t  th e  n u c le o p h i l e ,  d iazom eth an e , m ight a t t a c k  th e  
carbonyl carbon o f  the t e r t i a r y  am ides. I f  t h i s  a t t a c k  d id  o c cu r ,  the  
f o l lo w in g  rearrangem ent m ight be ex p ected :
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( C 6 H5 C O )2 N -C O C 6 H c:
-:C H r ,N2
>  (CeH5 CO)2 N-C— C6He
ch2 n2  
-n 2
o ( ; )  R ( - )
( C 6 1Is C0 ) 2 N— C -C G}Ir3 «- ( c 6 h 5 c o ) 2 n - c — c g h 5
U  ^ h2
(C6H5 CO)2 tJ-CH2 -COC6H5  
The above r e a c t io n  was not o b serv ed ,  but i t  i s  p o s s i b l e  th a t  th e  
i n i t i a l  a t t a c k  on th e  carb on yl carbon d id  o c c u r ,  w ith  subsequent c l e a ­
vage o f  th e  dibenzam ide a n io n .  Further  a t t a c k  by diazom ethane on th e  
dibenzam ide carb on yl carbon could  o c cu r ,  c l e a v i n g  o f f  benzamide. In ­
d eed , benzamj.de was th e  on ly  product ob ta in ed  from th e  r e a c t io n .
ok)
, x ^  's :CH2 N2  , .





: C H pN o ©
C6 H5 C-g-C0C6H5 < C6H5 CONCOC6 H5  +  C6H5 COCH2 N2
CH2 N2  
H+
c 6h5 coch2 n2  + c 6h5 conh2
I t  m ight be argued th a t  the d ib en zam ide , which was formed a f t e r  the  
i n i t i a l  a t t a c k  by th e  diazom ethane on tr ib e n z a m id e ,  would not undergo  
subsequent n u c le o p h i l i c  a t t a c k  by th e  diazom ethane on th e  carbonyl  
carbon, but would undergo N -m eth y la t io n  as d id  th e  im ides mentioned
3
e a r l i e r . 4 9 ’ 5 0  This o b j e c t io n  can be answered by th e  e x p la n a t io n  th a t  
the dibenzam ide which i s  c le a v e d  from th e  tr ib en za m id e  m o lecu le  i s  in
th e  a n io n ic  form, and th e  n e g a t iv e  charge on th e  n i t r o g e n  atom p rev en ts
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fu r th e r  a t t a c k  by th e  diazom ethane a t  t h i s  s i t e .  The o n ly  o th er  p la c e  
fo r  a t t a c k  to  occur i s  a t  th e  carbonyl carbon .
Another q u e s t io n  m ight be r a is e d  as to  th e  f a t e  o f  th e  b en zo y l-  
diazom ethane which would be produced by th e  above mechanism. The r e ­
a c t io n  was run in  m ethanol s o l v e n t .  I t  i s  p o s s i b l e  th a t  th e  m ethanol  
r e a c te d  w ith  th e  b en zoy ld iazom eth an e  to  y i e l d  <y-mcthoxyacetophenone.
C6 1I5 C0CH2 N2  ■ CH'3- —> C6H5 COCH2 OCH3  
Although t h i s  product was n o t  i s o l a t e d ,  a more c a r e f u l  work-up o f  th e  
produ cts  cou ld  p o s s i b l y  r e v e a l  i t s  p r e s e n c e .
I t  was shown th a t  benzamide was n o t  produced s im p ly  as a r e s u l t  
o f  a t t a c k  on th e  tr ib en za m id e  by m eth an ol.  A c o n t r o l  r e a c t i o n  was run 
em ploying th e  same c o n d i t io n s  and th e  same r e a c t a n t s  (w ith  th e  e x ce p ­
t i o n  o f  d iazom ethane) and tr ib en zam id e  was reco v ered  u n rea c ted .
o
A lc o h o ly s i s  o f  Tribenzam ide
Cow ar t27^  had  p r e v i o u s l y  r e p o r t e d  t h a t  t h e  a l c o h o l y s i s  o f  
t r i c h l o r o t r i b e n z a m i d e  gave  t h e  e x p e c t e d  e s t e r  and t h e  p r i m a r y  amide 
c o n t a m i n a t e d  w i t h  s m a l l  amounts  o f  t h e  s e c o n d a r y  am ide .
S im ila r  r e s u l t s  were o b ta in ed  when tr ib en za m id e  was r ea c te d  w ith  
e t h a n o l ,  u s in g  s u l f u r i c  a c id  as a c a t a l y s t .  The su g g e s te d  mechanism  
c o n s i s t s  o f  a s t r a ig h t - f o r w a r d  n u c l e o p h i l i c  a t t a c k  by th e  e th o x id e  ion  
on a carb onyl carb on , fo l lo w e d  by c le a v a g e  and fo rm a tio n  o f  th e  e s t e r  
and secondary  amide. A p p a ren tly ,  a su b seq u en t a t t a c k  by an e th o x id e  
group on one o f  th e  second ary  amide c a rb o n y ls  ta k es  p l a c e ,  and more 
e s t e r  i s  formed.
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(CeH5 CO)aR-CO-CeH5 EtOH.H -> ( Ce lI5 CO) 2N~CHrN ( COCeHs )
C6 H5 -CO"N-COC6H5  < EtOH.H ( c 6 h5 c o ) 2nh + c 6n 5 c o 2E t
C6H5 C02Et + CgH5 CONH2
R ea ctio n  o f  Tribenzam ide w ith  Bromine
E l e c t r o p h i l i c  a t t a c k  o f  Br2  on th e  phenyl r in g  was not e x p e c te d ,  
and, indeed did  n o t  o ccu r . Bromine r e a c te d  w ith  tr ib en zam id e  in  a
made to  r e a c t  w ith  tr ib e n z o y lp h o sp h in e  to  y i e l d  b en zoy l bromide and 
phosphorus tr ib ro m id e .
With tr ib en zam id e  as th e  s u b s t r a t e ,  th e  r e a c t io n  w ith  bromine d id  
not "proceed as fa r  as d id  the above r e a c t i o n .  I n s t e a d ,  c le a v a g e  o c ­
curred a f t e r  the i n i t i a l  a t t a c k  by brom ine, and th e  end p rod u cts  were  
b en z o ic  a c id  and d ibenzam ide.
Q
Presum ably, one o f  th e  tr ib en zam id e  carb on yl carbons was a tta ck ed  
by th e  r e l a t i v e l y  n e g a t iv e  p o r t io n  o f  th e  p o la r iz e d  bromine m o le c u le .  
C leavage o f  the m o lecu le  fo l lo w e d  producing dibenzam ide and b en zo y l  
brom ide, which was h yd ro lyzed  to  b en z o ic  a c id .
manner s im i la r  to  th e  r e a c t io n  d e s c r ib e d  by Tyka2<t in  which bromine was
(C6H5 CO)3P + 3Bre  -* 3C6H5 C0Br + PBr3
(Cs H5 CO)2 N-CO-C6 Hb -  (C6H5 C0 )2 t$C-CcH5  +  Br®
k Br 6 : . . B r 6+ L
C6H5COOH -I- ( c 6hs c o ) 2nh <- C6H5COBr + (C6H5 CO)2N
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R ea ctio n  w ith  S u l f u r ic  Ac id
I t  was a n t ic ip a t e d  th a t  tr ibenzam ide m ight be p roton ated  by s u l ­
f u r i c  a c id  to  form th e  ammonium s a l t .  However, th e  h igh  s u s c e p t i b i l i t y  
of th e  carb onyl carbon o f  t e r t i a r y  amides to  n u c l e o p h i l i c  a t t a c k  was 
once aga in  dem onstrated when s im ple  p r o to n a t io n  d id  n ot occur; in s t e a d ,  
the s u l f a t e  an ion  a tta ck ed  the carbonyl carbon to  produce b en zo ic  a c id .  
The r e a c t io n  thus was s im i la r  to  the r e a c t io n  between tr ib e n z o y lp h o sp h in e  
and s u l f u r i c  a c i d . 2<t
(C 6 1I5 C 0 )3 P -I- H2 S 0 4  -* PI13  +  3C6H5 C 0 0 S 0 31I
J h 2 °
3C6h5 cooh +  3h2 s o 4
P y r o ly s i s  o f  Tribenzamide
C u r t iu s 3  had rep orted  th a t  tr ib en zam id e  sublim ed undecomposed. 
LaCarna5 9  r e c e n t ly  p yro lyzed  tricinnam am ide and ob ta in ed  cinnamamide and
0
another s o l i d  product which was not i d e n t i f i e d .  I t  was. then  sp e cu la te d  
th a t  tr ib en zam id e  m ight a l s o  be decomposed upon p y r o ly s i s  and th a t  the  
r ep o r t  made by C u r t iu s 3  was in  e r r o r .
When tr ibenzam id e  was heated  in  a f l a s k  to  a h ig h  tem p erature , i t  
m e lted ,  v a p o r iz e d ,  and condensed. The p rod u cts  which were ob ta in ed  were  
b e n z o n i t r i l e  and a h ig h - m e l t in g ,  w h i t e ,  c r y s t a l l i n e  compound which was 
not i d e n t i f i e d .  When tr ibenzam id e  was p y ro ly zed  in  a s e a le d  evacuated  
tu b e , b e n z o n i t r i l e  was a g a in  produced, but th e  h ig h -m e l t in g  s o l i d  was 
not o b ta in ed ;  th e  m a t e r ia l  which remained was a dark brown ch ar .
•> I t  i s  i n t e r e s t i n g  to  n o te  th a t  W ichelhaus4  rep o rted  the p rep a r a t io n  
o f  t r ia c e ta m id e  by th e  r e a c t io n  o f  a c e t i c  anhydride  w ith  a c e t o n i t r i l e .
As was s t a t e d  e a r l i e r ,  how ever, h i s  produ ct i s  b e l i e v e d  to  have been  
th e  iso m er ic  im id o e s te r  s t r u c tu r e  as shown on page 3 *
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I t  i s  su g g ested  th a t  the i n i t i a l  product formed in  p y r o ly s i s  i s  the  
im id o e s te r ,  and th a t  t h i s  compound, upon fu r th e r  h e a t in g ,  y i e l d s  benzo­
n i t r i l e  and b en zo ic  anh ydride . These tra n sfo r m a tio n s  are as fo l lo w s :
R ea ct io n  o f  Tribenzamide w ith  Acid C h lo r id es
I t  was thought th a t  t e r t i a r y  amides might be made to  undergo a c y l  
or a r o y l  group exchange w ith  a c id  c h l o r i d e s ,  .§ .£• ,
This r e a c t io n  was not ob serv ed , however - th e  o n ly  products ob ta in ed  
were th e  diam ide and th e  corresp on d in g  a c id .
I f  i t  i s  assumed th a t  m o is tu re  was p r e se n t  in  the r e a c t io n  f l a s k ,
c
th e  a c id  c h lo r id e  would then be h yd ro lyzed  to  th e  o rg a n ic  a c id  and to  
h y d r o c h lo r ic  a c i d ,  which would then a t t a c k  th e  t e r t i a r y  amides and the  
above produ cts  cou ld  be e x p la in e d .  S in c e  a l l  p r e ca u t io n s  were taken  
to  ex c lu d e  m o is tu re  from th e  r e a c t io n ,  i t  i s  p o s s i b l e  th a t  the r e a c t io n  
proceeded in  a manner s im i la r  to  th e  r e a c t io n  between a c id  c h lo r id e s  
and a ld eh yd es  performed by Adams and V o l l w e i l l e r . 60
CrTi_n— w— POCGH5  C6H5 C=N-COC6H5
( C 6H5C0) 3N +  CH3C O C I -* ( C H 3C O ) 3 N +  C6H5C 0 C 1
rcoci + r ' ciio -* r ' - ch- o- cor
Cl
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W hile no m ention  i s  made o f  th e  r e a c t io n  mechanism, th e  r e a c t io n  prob­
a b ly  p roceed s  as f o l lo w s :
0   / ^ \
in - "  » \
R'-C-H +  RC-C1 -* r 'C-0-C{C1 -  R'CH-O-COR
li f 7* I l
0 H ( :0: Cl
( - ) -
I f  tr ib en zam id e  i s  p laced  in  th e  r o l e  o f  th e  a ld e h y d e ,  th e  p ro ­
d u c t s ,  d ibenzam ide and b en zo ic  a c i d ,  m ight be e x p la in e d  by the f o l ­
low in g  mechanism:
/ c r
/ ‘"e" phcnci( c 6h5 c o ) 2 n - c - c 6h5  ( c 6 h5 c o ) 2 n - c - c 6 h5
1








I f  tr ib en zam id e  i s  e n v is io n e d  as th e  a c id  c h lo r id e  in  th e  r e a c ­
t i o n  betw een a ld eh yd es  and a c id  c h l o r i d e s ,  we m igh t e x p e c t  the f o l l o w in g  
r e a c t io n  to  occur:
: 0 : >
. RCHO * ^






However, a ttem pted  r e a c t io n  w ith  a ld eh yd es  d id  n o t  produce s a t i s f a c t o r y  
r e s u l t s .  Tribenzam ide was ob ta in ed  u n re a c te d .
3
Attempted F r ie d e l  and C r a fts  R ea ct io n  w ith  Tribenzam ide
As was s t a t e d  e a r l i e r ,  t e r t i a r y  amides m ight s e r v e  as e x c e l l e n t
a c y l a t i n g  a g e n ts  becau se  l o s s  o f  an a c y l  or a r o y l  group would r e l i e v e
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s t e r i c  i n t e r f e r e n c e  around th e  n i t r o g e n  atom in  th e  t e r t i a r y  amide 
m o le c u le .  Kocheshkov3'1  s t a t e d  th a t  t r ia c e t a m id e  e a s i l y  a c y l a t e s  a 
number o f  r e p r e s e n t a t i v e  compounds and th a t  any one o f  th e  th ree  a c y l  
groups would p a r t i c i p a t e  in  a c e t y l a t i o n  r e a c t i o n s .  He a l s o  s t a t e d  
th a t  t e r t i a r y  amides would undergo t r a n s a c y l a t i o n  r e a c t i o n s .
Tyka2 4  has  r e p o r te d  th e  u se  o f  t e r t i a r y  amides in  F r ie d e l - C r a f t s  
a c y l a t i o n  and a r o y l a t i o n  o f  b en zen e . He has r ep o r ted  th a t  the r e a c ­
t i o n  o f  tr ib en za m id e  w ith  benzene under F r i e d e l - C r a f t s  r e a c t io n  con­
d i t i o n s  y i e l d s  b en zo p h en o n e . He a l s o  o b ta in ed  benzophenone by th e  
r e a c t i o n  o f  t r ib e n z o y lp h o s p h in e  and benzene u s in g  aluminum c h lo r id e  
as th e  c a t a l y s t .  The f o l l o w i n g  mechanism was proposed:
(C6H5 CO)3P + AICI3  -> [ (C 6H5 CO)s P -  AICI3 ] -
c 6 h5 c c / + )  + [ (C 6H5 CO)2 P -  a i c i 3 ] ( _)
\ — ? * G ■> ( c 6 H5 )2 co  [ ( c 6H5 CO)2 PH -  A1C13 ]
o
No s u c c e s s  was a c h ie v e d  in  t h i s  la b o r a to r y  when an a ttem p t was 
made to  b e n z o y la te  ben zen e  u s in g  tr ib en za m id e  as  th e  a r o y la t in g  a g e n t .  
S in c e  s u b t l e  d i f f e r e n c e s  may have e x i s t e d  in  th e  ex p er im en ta l  methods  
used in  th e  p r e s e n t  i n v e s t i g a t i o n  as  compared to  th e  methods used by 
Tyka, th e  s ta te m e n t  can n ot be made th a t  T yka's  o b s e r v a t io n s  were in  
e r r o r .
The r e a c t i o n  o f  t r ib e n z a m id e ,  b e n z e n e ,  and aluminum c h lo r id e  
y ie ld e d  o n ly  b e n z o ic  a c i d .  T h is  produ ct m igh t a r i s e  from a t t a c k  on 
th e  tr ib e n z a m id e  by h y d r o c h lo r ic  a c id  which co u ld  have been produced  
i f  m o is tu r e  w ere p r e s e n t  in  c o n s id e r a b le ^ q u a n t i t y  in  th e  r e a c t io n  f l a s k ,  
thus h y d r o ly z in g  th e  aluminum c h l o r i d e .  However, s i n c e  m o is tu re  was 
e x c lu d e d ,  b e n z o ic  a c id  co u ld  be produced by th e  f o l l o w i n g  mechanism:
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( C 6 Hs C0 ) 2 N A 1 C 1 2  +  C6 H5 C 0C 1 -  ( C e H5 C 0 ) 2 N 5 c - C 6 %
I ,p)
IlIOH o - a i c i 2
C6 H5 COOH +  HC1
Attem pts to  S y n th e s iz e  Compounds R e la ted  to  T e r t ia r y  Amides
The s y n t h e s i s  o f  a b y c y c l i c  t e r t i a r y  amide such as th a t  shown
o
would be o f  extrem e i n t e r e s t  fo r  a number o f  r e a s o n s .  I t  i s  c l e a r  th a t  
such a s t r u c t u r e  would f o r c e  the n i t r o g e n  to  assume a pyramidal s t r u c ­
tu re  and would p rev en t  th e  lo n e  p a ir  o f  e l e c t r o n s  on th e  n i t r o g e n  from 
p a r t i c i p a t i n g  in  r e so n a n c e .  I f ,  as i s  argu ed , t e r t i a r y  amides' in
o
g e n e r a l  are  indeed p yram id a l,  th e  b i c y c l i c  compound should  be e n t i r e l y  
f e a s i b l e .  M olecu lar  m odels o f  th e  compound show th a t  th e r e  i s  some 
s t r a i n  in v o lv e d ,  a lth o u g h  t h i s  s t r a i n  does n o t  appear to  be o f  the  
m agnitude n e c e s s a r y  to  p rev en t  th e  e x i s t e n c e  o f  th e  b i c y c l i c  compound. 
C e r ta in ly  th er e  i s  as much i n t e r n a l  s t r a i n  in  o th er  o rg a n ic  compounds 
which have been s y n t h e s i z e d .
I t  was' a n t i c i p a t e d  th a t  th e  b i c y c l i c  t e r t i a r y  amide might be
s y n th e s iz e d  by th e  f o l l o w i n g  ro u te :  ^
, ,  v NaBlU 1
(1 )  c h 3 o2 cch 2 - c o - c h 2 c o 2 ch 3 ---------- —> CH302 CCH2 -CH-CH2 C02 CH3
OH
, . ' (CHoCO)oO
(2 )  ch 3 o2 cch 2 - c h - c h 2 c o 2 c h 3  - -  ~~ A ~ — > CH302 CCH2 -CH=CHC02 CH3c 6 hq
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, v ^ "^C ll(C O P E t ) 2
( 3 )  CH30pCCH2 -Cll=CHC02CH3 -----;------------------  >  CH30 2CCH2 -CH-CHC02C1I3w /  ^ ^ v i a  M ichael ,
CH(C02E t )2
H+
( h )  CH30 2CCH2 -C1I-CH2C 02CH3 -------- >  H02CCH2 -CH -CH2C02C1I3
C H (C02E t )2 C H (C 02H )2
-C0 ^
( 5 )------ h o 2c c h 2 - c i i - c h 2c o 2 h ------— >  h o 2c c h 2 - c h - c i i 2c o 2 h
I I
c i i ( c o 2h )2 c h
c o 2 h
0 C H o -C * °P C I 3 "  y U i 2  \
( 6 ) h o 2c c h 2 - c h - c h 2c o 2 h  — >  C 1 -C -C H 2 -CH 0
• n c h 2 - c <1
CH ^  * 0
i
c o 2 h
rO
.N.
0  Cllo-C^ 0, \ " 2  \  NH3(y ) c i - c- ch2 - ch o ------- >
SCHa - < 0
The s y n t h e s i s  proceeded o n ly  as fa r  as th e  d eh y d ra t io n  s te p  ( 2 ) .
The M ichael a d d i t io n  could  n o t  be a c h ie v e d .
An a l t e r n a t e  s y n t h e t i c  r o u te  was a ttem p ted  w ith o u t  s u c c e s s .
o
OH
, , BrZnCH2 C02Et ' =
(1 )  ch 3 o2 cch 2 coch2 c o 2 ch 3  --------------— - — > CH302 CCH2 -C-CH2 C02 CH3
OH CHC02 Et
/ v 1 -H2 0( 2 )  c h 3 o2 cch 2 - c - c h 2 co 2 ch 3  — - — > C1I302 CCH2 -C=CHC02 CH3
I I
CHC02 E t  CHC02Et
,  ^ H2 /Pd
(3 )  ch 3o2 cch 2 -c= ch co 2 c h 3 ------------ > CH302 CCH2 -CH-CH2 C02 CH3
I I
CHC02 Et CHC02 Et
The rem ainder o f  th e  s y n t h e s i s  i s  s im i la r  to  th e  above. In t h i s  a t ­
tem p t, the  Reform atsky r e a c t io n  f a i l e d .  There i s  no apparent reason  
why th e  Reform atsky r e a g e n t  should  n o t  r e a c t  w ith  the k e to  e s t e r  s t a r t i n g  
compound, a lth ou gh  no r e f e r e n c e s  to  such a r e a c t io n  cou ld  be found in  
th e  l i t e r a t u r e .
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An attem p t was made to  s y n t h e s iz e  th e  a r s e n ic  and antimony an a logs  
of tr ib en zam id e  w ith o u t  s u c c e s s .  Tyka24' had rep o rted  the  p rep aration  
of (C6 II5 C0 ) 3P by th e  r e a c t io n  o f  phosphine w ith  b en zo y l c h lo r id e  in  
p y r id in e  s o l u t i o n .  I t  would appear th a t  th e  la r g e r  s i z e s  o f  th e  a n t i ­
mony and a r s e n ic  atoms would be condu cive  to  th e  p lacem ent o f  th re e  
a r o y l  groups around them.
The b e s t  e x p la n a t io n  fo r  the s u c c e s s  in  p rep ar in g  tr ib e n z o y lp h o s -  
p h in e ,  and th e  f a i l u r e  in  p reparing  the a r s e n ic  and antimony a n a lo g s ,  
i s  t h a t  phosphorus, l i k e  n i t r o g e n ,  i s  e s s e n t i a l l y  c o v a le n t  in  a l l  o f  
i t s  c h e m is tr y ,  whereas a r s e n ic  and antimony show in c r e a s in g  m e t a l l i c  
b e h a v io r . 61  T h e re fo r e ,  a r s e n ic  and antimony would be more apt to  form 
i o n i c  compounds in s te a d  o f  c o v a le n t  compounds. The bonding in  t r i -  
a r o y lp h o s p h in e s , o f  c o u r s e ,  i s  o f  a c o v a le n t  n a tu r e .
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EXPERIMENTAL PART
P rep a ra t io n  o f  Tribenzam ide (1 )
The s t a r t i n g  m a t e r i a l ,  t r ib e n z a m id e ,  was prepared by th e  method o f  
Thompson.7 ,
A s o l u t i o n  o f  7*03 S (0*05 m ole) o f  b en z o y l  c h lo r id e  in  55 ml ° f
ch loroform  was c o o led  to  -60°C . P y r id in e  (5 m l) was added , and then
3*03 g (0 .0 2 5  m ole) o f  p u re , f in e ly -p o w d e r e d  benzamide was added. The 
r e a c t io n  m ixtu re  was m ain ta in ed  a t  -60°C fo r  20 h r ,  w ith  c o n s t a n t  s t i r ­
r in g .  At th e  end o f  th e  r e a c t io n  t im e ,  5 ml o f  e th a n o l  was added, and 
th e  r e a c t io n  m ix tu re  was a llo w ed  to  come to  room tem p era tu re .
The ch loro form  s o l u t i o n  was washed w ith  two 60 ml p o r t io n s  o f
co ld  1 N h y d r o c h lo r ic  a c id  and once each w ith  s im i la r  volum es o f  0 .5  N 
sodium h y d ro x id e  and d i s t i l l e d  w a te r .  The ch lo ro fo rm  was evap orated  
over a steam c o n e ,  and th e  rem ain ing  o i l  was c o o le d  and a llo w ed  to  
c r y s t a l l i z e .  The tr ib e n z a m id e ,  ob ta in ed  in  a p p ro x im a te ly  8 5$ y i e l d ,  
was r e c r y s t a l l i z e d  from a c e to n e  and w a te r .  The m e l t in g  p o in t  was 
2 0 8 ° - 2 1 0 ° C .
©
P rep a r a t io n  o f  Tribenzam ide (2 )
T his  method o f  p r e p a r a t io n  was an a lo g o u s  to  th e  method used  by 
Tyka24 in  h i s  p r e p a r a t io n  o f  t r ib e n z o y lp h o s p h in e .
A s o l u t i o n  o f  b en zo y l c h lo r id e  ( 2 5 $ )  in  dry p y r id in e  was p rep a red ,  
and anhydrous ammonia was s lo w ly  bubbled i n t o  t h i s  s o l u t i o n  a t  room 
tem perature fo r  about te n  m in u te s .  A w h it e  p rod u ct im m ed ia te ly  p r e c i ­
p i t a t e d .  I t  was s p e c u la te d  th a t  t h i s  produ ct was a m ix tu re  o f  d ib e n z ­
amide and tribenzam i.de. I t  was r e c r y s t a l l i z e d  by h e a t in g  in  a c e to n e
k 2
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u n t i l  the  s o l u t i o n  was c l e a r ,  then adding w ater  u n t i l  the  s o l u t i o n  was 
t u r b i d ,  and then hea ted  a g a in  to b o i l i n g .  The h o t  s o l u t i o n  was g r a v i t y -  
f i l t e r e d  and c o o l e d ,  and the  p r e c i p i t a t e d  produ ct  v a c u u m - f i l t e r e d . The 
m e l t i n g  p o i n t  was 2 0 6 ° -2 0 8 ° C ,  and the  y i e l d  was 20 °fo.
R e a c t i o n  o f  Tribenzamide and t.-Butylmagnesium Bromide
_t-Butylmagnesium bromide was prepared i n  e t h e r  by o r d in a r y  m eth o d s . 6 2  
T h e o r e t i c a l l y ,  th e  r e a c t i o n  produced O.O8 3  mole  o f  Grignard r e a g e n t .  
Tribenzamide  (3*3  89 0 . 0 1  mole )  was added l i t t l e  by l i t t l e  to  the  f l a s k  
c o n t a i n i n g  the  _t-butylmagnesium bromide.  This  m ix ture  was then hydro­
l y z e d  by c a r e f u l l y  pou rin g  i t  i n t o  a 2 5 0  ml beaker  c o n t a i n i n g  1+0 g i c e  
and I 5 ml o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .
The e t h e r  l a y e r  was s ep a ra ted  from the  aqueous l a y e r  and washed 
w it h  5 0  w a t e r ,  5 0  ° f  1$ sodium b i c a r b o n a t e ,  and a g a in  w i t h  5 0
o f  w a t e r .  Upon removal o f  the  e t h e r  by u se  o f  a steam c o n e ,  a brown,
h i g h l y  v i s c o u s  o i l  remained. A l l  e f f o r t s  t o  o b t a i n  a p u r i f i e d  product  
f a i l e d .  The i n f r a r e d  spectrum i n d i c a t e d  th e  p r e s e n c e  o f  a carbony l  group 
and a h y d r o x y l  group.
9
L ith ium  Aluminum Hydride R e d u c t i o n : A 600 ml round-bottom t h r e e -
0
necked f l a s k  was f i t t e d  w i th  a F r i e d r i c h - i c e - w a t e r  c o n d e n s e r ,  a drop­
p in g  f u n n e l ,  and a s t i r r e r .  Sodium-dried  t e t r a h y d r o f u r a n  (200 ml) was 
p la c e d  in  t h e  f l a s k ,  and a sm al l  amount o f  l i t h i u m  aluminum h y d r id e  
was added t o  r e a c t  w i t h  any m o i s t u r e  p r e s e n t .  A f t e r  e f f e r v e s c e n c e  
c e a s e d ,  1 .1 ^  g ( 0 . 0 3  m ole )  Of l i t h i u m  aluminum h y d r id e  was p la c e d  in  
t h e  t e t r a h y d r o f u r a n .
Tribenzamide  (3*3  89 0 . 0 1  m ole )  was d i s s o l v e d  i n  200 ml o f  d r ied
t e t r a h y d r o f u r a n .  This  s o l u t i o n  was added dropw ise  to  th e  l i t h i u m
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a l u m i n u m  h y d r i d e  s o l u t i o n ,  a n d  t h e  r e s u l t i n g  m i x t u r e  w a s  r e f l u x e d  
g e n t l y  w i t h  s t i r r i n g  f o r  f o u r  h o u r s .  T h e  s o l u t i o n  d e v e l o p e d  a  c h e r r y -  
r e d  c o l o i *  s h o r t l y  a f t e r  t h e  r e a c t i o n  h a d  s t a r t e d .
E th y l  a c e t a t e  was c a r e f u l l y  added a t  the  end o f  th e  r e a c t i o n  in  
order to  d e s t r o y  e x c e s s  l i t h i u m  aluminum h y d r id e .  S u l f u r i c  a c id  (2  N) 
was then added i n  order  to  h y d r o ly z e  the  p ro d u ct .  The o r g a n ic  l a y e r  
was s ep a ra ted  from the  w ater  l a y e r  and d r ie d  w i th  c a l c i u m  c h l o r i d e .
The te tr a h y d r o fu r a n  was evaporated  on a steam cone w i t h  th e  h e l p  
o f  a s tream  o f  a i r .  White c r y s t a l s  came out o f  s o l u t i o n .  The product  
was r e c r y s t a l l i z e d  from a c e t o n e  and water,  and th e  c r y s t a l s  were r e ­
covered by vacuum f i l t r a t i o n .  The p r o d u c t ,  which m e l te d  a t  1 0 2 ° - 1 0 5 ° ,  
was i d e n t i f i e d  as  N-benzylbenzami.de by a comparison o f  i t s  in f r a r e d  
spectrum w ith  t h a t  o f  a known sample .  The y i e l d  was 0 . 6 8  g ( 3 2 $ ) .
The r e a c t i o n  was r ep ea t ed  s e v e r a l  t im es  u s i n g  d i f f e r e n t  c o n c e n t r a t i o n s ,
c
t e m p er a tu r e s ,  s o l v e n t s  and r e a c t i o n  t im es  w i th  s i m i l a r  r e s u l t s .
L i t h i u m  D i e t h o x y a l u m i n o h y d r i d e  R e d u c t i o n : T h e  e x p e r i m e n t a l  p r o ­
c e d u r e  u s e d  i n  t h i s  r e a c t i o n  w a s  e s s e n t i a l l y  t h e  s a m e  a s  t h e  o n e  u s e d  
b y  B r o w n  a n d  T s u k a m o t o 8  i n  t h e i r  r e d u c t i o n  o f  N , N - d i m e t h y l a m i d e s  t o  
a l d e h y d e s .
A 1000 ml round-bottom t h r e e -n e c k e d  f l a s k  was f i t t e d  w i th  an i c e -  
w ater  c o n d e n se r ,  a s t i r r e r ,  and a dropping f u n n e l .  A s o l u t i o n  o f  8 . 8  g 
( 0 . 2 3 1^- m ole)  o f  l i t h i u m  aluminum h y d r id e  i n  2 0 0  ml o f  anhydrous e t h e r  
was prepared i n  the  f l a s k ,  and the  m ix tu r e  was c o o l e d  to  0°C in  an i c e -
3
w ater  b a th .  A s o l u t i o n  o f  2 0 . 6  g (0.23^+ m ole )  o f  e t h y l  a c e t a t e  in  
1 5 0  ml o f  anhydrous e t h e r  was added dropw ise  t o  th e  l i t h i u m  aluminum 
h y d r id e  s o l u t i o n  i n  order  to  form th e  l i t h i u m  d ie t h o x y a lu m in o h y d r id e .
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A f t e r  a l l  the  e t h y l  a c e t a t e  had been added, 9*9 g (O.OJ mole) o f  
tr ibenzam ide  was added in small  p o r t io n s  to  the  s t i r r e d  m ix ture .  The 
r e a c t i o n  was a l lowed to  proceed a t  0°C fo r  JO m in . ;  then the mixture  
was r e f lu x e d  g e n t l y  fo r  JO min. At the  end o f  the  r e a c t i o n  time the  
mixture  was a g a in  c o o le d  to  0°C and hyd ro lyzed  by adding dropwise  
100 ml o f  2 N s u l f u r i c  a c i d .
The e t h e r  la y e r  was sep arated  from the. aqueous phase; the  aqueous  
l a y e r  was washed tw ic e  w i th  JO ml p o r t io n s  o f  e t h e r ,  and the e x t r a c t s  
were added to  th e  e t h e r  laj^er. The e th e r  l a y e r  was d r ied  over ca lc ium  
c h l o r i d e  and then f i l t e r e d  through a f l u t e d  f i l t e r  i n t o  an Erlenmeyer  
f l a s k .  The e th e r  was removed by use  o f  a steam cone and a j e t  o f  a i r .  
Benzaldehyde was sep a ra ted  from the product m ixture  by a d d i t i o n  o f
2 . 4 - d i n i t r o p h e n y l h y d r a z i n e  in  e t h a n o l .  A f t e r  removal o f  the  benzaldehyde
2 . 4 - d i n i t r o p h e n y l h y d r a z o n e , N-benzylbenzamide sep ara ted  from the  f i l ­
t r a t e ;  the  y i e l d  was 1 . 9  g (90 /0  • The product was i d e n t i f i e d oby i t s
o
m e l t i n g  p o in t  (1 0 J ° )  and by a comparison o f  i t s  in f r a r e d  spectrum w ith  
t h a t  o f  a known sample .
Zinc and A c e t i c  Ac id R e d u c t io n : Zinc d u s t  ( 6 .J g ,  0 . 1  mole) was
p la ced  in  a 12J ml round-bottom f l a s k  to  which was added JO ml o f  
g l a c i a l  a c e t i c  a c id  and 2 ml o f  w a te r .  Tribenzamide ( j . j  g ,  0 .0 1  mole )  
was then p laced  in  the  f l a s k ,  which was then f i t t e d  w i th  an ice--water  
cond en ser .  This  m ix ture  was r e f l u x e d  fo r  J 2  h o u rs .  A f t e r  the r e a c t i o n  
t im e ,  any s o l i d  was removed by g r a v i t y - f i l t r a t i o n ,  and the f i l t r a t e  was 
n e u t r a l i z e d  w i th  1 N sodium hy d ro x id e .  The product was e x t r a c t e d  w ith  
e t h e r  and the e th e r  was removed by use  o f  a steam cone .
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The w h i t e  s o l i d  product obta ined  was r e c r y s t a l l i z e d  from benzene  
and was i d e n t i f i e d  as  N-benzylbenzami.de b y ‘ i t s  m e l t i n g  p o i n t  (1 0 2 ° -  
103°C) and i t s  in f r a r e d  spectrum. The y i e l d  was 1 . 6 5  g ( 8 U $ ) .
Diborane R e d u c t io n : In a J00 ml one-n eck  round-bottom f l a s k  was
p laced  a s o l u t i o n  o f  3 * 3  g ( 0 . 0 1  mole )  o f  t r ib en za m id e  and I . 8 9  g 
( 0 . 0 5  mole) o f  sodium borohydride d i s s o l v e d  in  1 0 0  ml o f  dry d ig lym e .  
While  t h i s  m ixture  was b e in g  s t i r r e d  w ith  a m a g n et ic  s t i r r e r ,  h . J  g 
( 0 . 0 3  mole )  o f  boron t r i f l u o r i d e  e t h e r a t e  d i s s o l v e d  in  1 0  ml o f  dig lyme  
was dropped i n ,  and the  m ix tu re  was s t i r r e d  f o r  a f u r t h e r  two h o u rs .
The r e a c t i o n  m ix ture  was hydro lyzed  by pouring  i t  over  a m ixture  
o f  crushed i c e  and h y d r o c h l o r i c  a c i d ,  and th e  r e s u l t i n g  p r e c i p i t a t e d  
w h it e  s o l i d  was f i l t e r e d  by s u c t i o n .  I t  was r e c r y s t a l l i z e d  from 95$  
e t h a n o l ,  and i t s  m e l t in g  p o in t  was found to  be 1 0 2° -103°*  I t s  in f r a r e d  
spectrum was i d e n t i c a l  to  t h a t  o f  N -benzy lb en zam ide .  An in f r a r e d  
spectrum o f  the  f i l t r a t e  from the vacuum f i l t r a t i o n  i n d i c a t e d  the  p r e ­
sen ce  o f  b en zy l  a l c o h o l .
Sodium Borohydride R e d u c t io n : T r ib e n z a m id e , 3 - 3  8 > was d i s s o l v e d
in 80 ml o f  te tr a h y d ro fu ra n  in a 125 ml Erlenmeyer f l a s k .  This  s o l u t i o n  
was added s lo w ly  to  a s o l u t i o n  o f  0 . 5  g o f  sodium borohydride  and 0 . 1  g 
o f  sodium h yd rox id e  in  5 0  ml II2 O, s t i r r i n g  b e i n g  m ain ta in ed  throughout  
the  a d d i t i o n  by use  o f  a magnet ic  s t i r r e r .  The r e a c t i o n  m ix ture  was
5
s t i r r e d  f o r  a per iod  o f  U8  h o u r s ,  a f t e r  which t im e  10 ml o f  2 N
3__________________________________ ___
s u l f u r i c  a c id  was added and the product  was e x t r a c t e d  w i th  ch loro form .
3
A w h i t e  c r y s t a l l i n g  product  was o b t a in e d  and was r e c r y s t a l l i z e d  from 
a c e t o n e  and w a te r .  I t  was i d e n t i f i e d  as  N -benzylbenzam ide  by i t s  
m e l t i n g  p o in t  and i n f r a r e d  spectrum. The y i e l d  was O. 8 5  g (^3$)•
3
6
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Other Attempts  to  Reduce T r ibenzam ide:
Sodium i n  a l c o h o l  - Tribenzamide ( 3 - 3  s )  i-u 200 ml o f  e th a n o l  was 
added a l l  a t  once to  2 g o f  sodium m e ta l  i n  100 ml o f  t o l u e n e .  This  
m ixtu re  was p la ced  on a steam cone in  order  t o  remove the  e th a n o l  and 
t o l u e n e .
White c r y s t a l s  came out  o f  s o l u t i o n .  These  were r e c r y s t a l l i z e d  
from benzene and c o l l e c t e d  by vacuum f i l t r a t i o n .  The m e l t i n g  p o i n t  was 
1 2 5 ° -126°C ,  and th e  i n f r a r e d  spectrum matched th e  spectrum o f  benzamide.  
The y i e l d  was 0 . 8  g ( 6 6 $ ) .  An i n f r a r e d  spectrum o f  the  d i s t i l l e d  
f i l t r a t e  matched th e  spectrum o f  e t h y l  b e n z o a t e .
C a t a l y t i c  h y d ro g e n a t io n  - Tribenzamide (3*3  s )  was d i s s o l v e d  in  
200 ml o f  t e t r a h y d r o f u r a n .  One gram o f  p a l la d iu m -c a rb o n  c a t a l y s t  was 
added and the  m ix tu re  was p la c e d  in  a Paar low p r e s s u r e  hydrogenator  
under 3 0 " ^ 0  pounds p r e s s u r e  o f  hydrogen f o r  a p e r io d  o f  24 h o u rs .
e
Shaking was m ain ta in ed  throughout  the  r e a c t i o n .
The c a t a l y s t  was removed by g r a v i t y  f i l t r a t i o n .  The t e t r a h y d r o ­
furan  was e v a p o r a t e d ,  but o n ly  u n reac ted  t r ib e n z a m id e  w a s  r e c o v e r e d .
No r e d u c t i o n  product  was o b t a i n e d .
Clemmensen r e d u c t i o n  -  Zinc m eta l  (4  g ) , 0 . 4  g o f  mercurous c h l o ­
r i d e ,  1 ml o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  and 3 g ° f  tr ibenzam id e  
d i s s o l v e d  i n  1 5 0  ml o f  t e t r a h y d r o fu r a n  were p la c e d  i n  a 3 0 0  ml round-  
bottom f l a s k .  The f l a s k  was f i t t e d  w i t h  a r e f l u x  co n d en ser ,  and the  
m ix tu r e  was r e f l u x e d  fo r  two to  t h r e e  h o u r s . I t  was then  a l lowed to  
s tand  o v e r n i g h t .  The m ix ture  was washed w i th  two I 5 0  ml p o r t io n s  of  
anhydrous e t h e r ,  aqueous sodium h y d ro x id e  was added to  the  aqueous  
p h a se ,  and the  e t h e r  l a y e r  which appeared was s e p a r a t e d .  The combined 
e t h e r  was removed by d i s t i l l a t i o n .  No r e d u c t i o n  product  was o b t a in e d .
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A l c o h o l y s i s  o f  Tribenzamide
In a 500 ml one-neck  round-bottom f l a s k  was p la c e d  3 - 3  g ( 0 .0 1  
m ole)  o f  t r ib e n z a m id e ,  2 5 0  ml o f  a b s o l u t e  e t h a n o l ,  and one drop o f  
c o n c e n t r a t e d  s u l f u r i c  a c i d .  A condenser  was a t t a c h e d  and the m ixture  
r e f l u x e d  f o r  24 h o u rs .  The e th a n o l  was removed by d i s t i l l a t i o n ;  a 
w h it e  s o l i d  p r e c i p i t a t e d  and was s ep a ra ted  by vacuum f i l t r a t i o n .
The f i l t r a t e  was d i s t i l l e d ,  and 0 . 9 3  g (31$)  °£ e t h y l  b en zo a te  
was rec o v e re d  a t  21 1 ° -2 1 3 °C .  The s o l i d  was r e c r y s t a l l i z e d  from h o t  
w ater  and was found to  p o s s e s s  a m e l t i n g  p o i n t  o f  126°-127°C .  I t  was 
i d e n t i f i e d  as  benzamide by i t s  i n f r a r e d  spectrum. The y i e l d  was 0 . 7 4  g 
(61$ ) .
R e a c t i o n  w i th  Diazomethane
Potass iu m  hyd rox id e  (5  g) was d i s s o l v e d  in  10 ml w ater  in  a 125 
Erlenmeyer f l a s k ;  5 0  ml o f  e t h e r  was added and the  m ix tu r e  c o o le d  to  
0°C i n  an i c e  b a t h .  In a s e p a r a t e  125 ml Erlenmeyer f l a s k  tr ibenzam id e  
( 3 - 3 g ) ,  was p ie c e d  in  a m ixture  o f  20 ml methanol and 5 0  ml ch loroform  
and c o o le d  to  0 ° C . N i tr o so m eth y lu re a  ( 1 . 0 3  g ,  0 . 0 4  m ole)  was d i s s o l v e d  
v e r y  c a r e f u l l y  i n  the p o tass ium  h yd rox id e  s o l u t i o n ;  th e  m ixture  was 
s t i r r e d  fo r  15  minutes  on a m agn et ic  s t i r r e r  a f t e r  th e  l a s t  a d d i t i o n  
o f  n i t r o s o m e t h y l u r e a .  This  s o l u t i o n  was then p la c e d  in  a s e p a r a t o r y  
fu n n e l  and the  water  l a y e r  removed; g l a c i a l  a c e t i c  a c id  was added to  
th e  w ater  to  d e s t r o y  any diazomethane p r e s e n t .
The e t h e r  s o l u t i o n  o f  diazomethane was added drop by drop to  th e  
s t i r r e d  tr ib enzam id e  s o l u t i o n .  A f t e r  a l l  o f  th e  e t h e r  s o l u t i o n  had 
been added,  th e  r e a c t i o n  f l a s k  was s to p p er e d  and l e f t  on the  m agnet ic  
s t i r r e r  o v e r n i g h t .
r>
e0
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At the  end o f  the  r e a c t i o n  t im e ,  10 drops o f  g l a c i a l  a c e t i c  a c id  
was added to  the  r e a c t i o n  m ixture  to  d e s t r o y  e x c e s s  d iazomethane. The 
f l a s k  was p la ced  under a stream o f  a i r  i n  order to  e vap orate  the  e th e r  
and m eth anol .  A c loudy  s o l u t i o n  remained a f t e r  ev a p o r a t io n  was com plete .
A vacuum d i s t i l l a t i o n  was a t t em p te d ,  but upon a p p ly in g  the  vacuum, 
the  m a t e r i a l  i n . t h e  d i s t i l l i n g  f l a s k  turned m i l k y ,  so the  d i s t i l l a t i o n  
was d i s c o n t i n u e d .  Petroleum e th e r  was added to  th e  c loudy  s o l u t i o n  in  
an e f f o r t  to  e x t r a c t  any im p u r i t i e s  which might p rev en t  c r y s t a l l i z a t i o n .  
Shaking th e  petro leum  e t h e r  s o l u t i o n  l e d  to  the  appearance o f  a w h i te  
p r e c i p i t a t e .  The product was sep arated  by v a c u u m - f i l t r a t i o n  and found 
to  p o s s e s s  a m e l t i n g  p o i n t  o f  125°-127°*  I t  was i d e n t i f i e d  as benz-  
amide by i t s  in f r a r e d  spectrum.
R e a c t io n  o f  Tribenzamide and S u l f u r i c  Acid
(1 )  In a '100 ml Erlenmeyer f l a s k  were p la c e d  1 . 7  g (0 .0 0 5  mole)  
t r ibenzam id e  and 10 ml o f  co n cen tra ted  s u l f u r i c  a c i d .  This  mixture  
was h e a te d  to  150°C fo r  a per iod  o f  f i v e  m in u te s .  The m ixture  was r e ­
moved from the  h e a t  and 2  ml o f  w ater  were added dropwise  and the  f l a s k  
a l lo w ed  to  c o o l .  The f l a s k  was f i l l e d  w ith  c o ld  water  and a w h i t e  pre­
c i p i t a t e  appeared.  The product  was v a c u u m - f i l t e r e d  and was i d e n t i f i e d  
as  b e n z o ic  a c id  by a comparison o f  i t s  in f r a r e d  spectrum w ith  t h a t  o f  
b e n z o ic  a c i d .  The y i e l d  was 1 .1  g (90 ° j o ) .
( 2 ) Tribenzamide ( l  g)  in  ^ ml c o n c e n tr a te d  s u l f u r i c  a c id  was 
p la c e d  in  a 25 ml Erlenmeyer f l a s k  and a l low ed  to  s tand s e v e r a l  d ays .
T h e  c o n t e n t s  o f  t h e  f l a s k  w e r e  t h e n  s u b j e c t e d  t o  a  s t r e a m  o f  a i r  a n d  a  
w h i t e  s o l i d  a p p e a r e d .  W a t e r  w a s  a d d e d  t o  t h e  f l a s k  a n d  t h e  s o l i d  w a s  
v a c u u m - f i l t e r e d . T h e  p r o d u c t  w a s  r e c r y s t a l l i z e d  f r o m  e t h a n o l  a n d  w a t e r  
a n d  w a s  f o u n d  t o  b e  b e n z o i c  a c i d .  T h e  y i e l d  w a s  O. 9 2  g (75 1 ° )  -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
B r o m i n a t i o n  o f  T r i b e n z a m i d e
In a 100 ml round-bottom f l a s k  f i t t e d  w ith  an i c e - w a t e r  condenser  
were p laced  1 . 7  g tr ib en za m id e ,  2 5  ml ch loroform ,  and 0 . 5  g o f  iron  
f i l i n g s .  This  m ixture  was heated  u n t i l  a l l  the  tr ibenzam ide  had d i s ­
s o l v e d .  A f t e r  r e f l u x i n g  had c e a s e d ,  the  condenser  was removed so th a t  
bromine in  e x c e s s  could  be in troduced  i n t o  the  r e a c t i o n  f l a s k .  The 
condenser  was a ga in  f i t t e d  in  the f l a s k  and a d e l i v e r y  tube was a t ta ch ed  
to  the  condenser  and extended in t o  a sodium hyd rox id e  tr a p .
The m ixture  was heated  very g e n t ly  f o r  a per iod  o f  one hour a f t e r  
which time the  f l a s k  was p laced  under th e  vacuum hood and heated  to  
d r iv e  o f f  e x c e s s  bromine.
The ch loroform  s o l u t i o n  was g r a v i t y - f i l t e r e d  in  order to  remove 
the i r o n  f i l i n g s ,  and then the chloroform was evaporated .  The w h ite  
product  which was obta ined  by vacuum f i l t r a t i o n  was i d e n t i f i e d  as  
b e n z o ic  a c id  and was obta ined  in  60$ y i e l d .  Another product  was ob­
ta in ed  in  sm al l  amounts and i t s  in f r a r e d  spectrum matched th a t  o f  d i -  
benzamide .
P y r o l y s i s  o f  T r i b e n z a m i d e  ' , =
( l )  In a 5 0  ml round-bottom f l a s k  f i t t e d  w i th  a F r ie d r ic h  i c e -  
water  condenser  was p laced  1 g o f  t r ib en zam id e .  The f l a s k  was heated  
w ith  a burner u n t i l  the tr ibenzamide  m elted  and then began to v a p o r i z e .  
H eating  was cont in ued  f o r  about f i v e  minutes  and then the f l a s k  was 
l e f t  s ta n d in g  o v e r n ig h t .  A w h ite  s o l i d  appeared and was removed from 
the  l i q u i d  p o r t i o n  by v a c u u m - f i l t r a t i o n .  The product  m elted  a t  2 5 5 ° “ 
237°C. The f i l t r a t e  was found to  be b e n z o n i t r i l e  by a comparison o f  
i t s  in f r a r e d  spectrum w ith  t h a t  o f  b e n z o n i t r i l e .
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( 2 ) Approxim ate ly  0 . 2 5  to  0 . 5  g o f  t r ibenzam id e  was p laced  i n  a 
tube which was s e a l e d  a t  one end. The open end o f  the  tube was con­
n ec ted  to  a vacuum pump and w h i l e  th e  tube was b e in g  ev a cu a te d ,  i t  was 
b e in g  s e a l e d  by use  o f  a t o r c h .  The tr ibenzam id e  in  the  tube  was 
p yro lyzed  as b e f o r e ,  and the tube was then opened and the  products  
examined. B e n z o n i t r i l e  was a g a in  formed,  but  the  h i g h - m e l t i n g  s o l i d  
was no t  o b t a in e d .
F r i e d e l  and C r a f t s  R e a c t io n
In a I 5 O ml round-bottom f l a s k  f i t t e d  w ith  a r e f l u x  condenser  
were p la c e d  l . f  g t r ib e n z a m id e ,  2 5  ml o f  t h i o p h e n e - f r e e  benzene and 
15 g aluminum c h l o r i d e .  A c a lc iu m  c h l o r i d e  tube was a t t a c h e d  to  the  
top o f  th e  condenser  and connected  to  a gas t ra p .
The m ix ture  was h e a te d  under r e f l u x  f o r  30 m in u te s .  At the  end 
o f  th e  h e a t i n g  p e r i o d ,  the  m ix tu re  was c o o led  i n  an i c e - w a t e r  bath and 
2 0  ml o f  w ater  fo l l o w e d  by 5 ml c o n c en tr a ted  h y d r o c h l o r i c  a c i d  were0
s l o w l y  added to  the  r e a c t i o n  m ix tu re .
The benzene  l a y e r  was s ep a ra ted  from th e  aqueous phase  and the  
benzene was d i s t i l l e d  o f f .  The brown, gummy su b s ta n ce  which appeared  
was d i s s o l v e d  in  a c e t o n e  and w ater  was added to  r e p r e c i p i t a t e  the  
p r o d u c t ,  which was r e c r y s t a l l i z e d  from e t h a n o l .  The product  was found 
to  be b e n z o ic  a c id  i n s t e a d  o f  the  expected  benzophenone .
R e a c t i o n  o f  M e t h y l  I o d i d e  a n d  T r i b e n z a m i d e
Tribenzamide ( 1 . 7  g 3 0 . 0 0 5  mole )  was d i s s o l v e d  i n  ch loroform  and
a
2  ml o f  methyl i o d i d e  was added and the m ix ture  r e f l u x e d  for  5  h o u rs .  
No p r e c i p i t a t e  was formed, and u n reac ted  tr ib en za m id e  was recovered  
upon e v a p o r a t io n  o f  the  ch lo ro fo rm .
1
0
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. A v a r i a t i o n  was a t t em p ted  u s i n g  d i m e t h y l s u l f o x i d e  as  th e  s o l v e n t .  
A g a in ,  no r e a c t i o n  was o b s e r v e d .
E s s e n t i a l l y  th e  same procedure  was f o l l o w e d  i n  a t t e m p t in g  a r e ­
a c t i o n  u s i n g  t r ib e n z a m id e  and _p-bromophenacyl brom ide ,  but  a g a in  no 
r e a c t i o n  was o b s e r v e d .
R e a c t i o n  o f  Amines and Tribenzamide
Tribenzam ide  and b en zy lam in e  -• In a 150 ml round-bottom  f l a s k  was 
p la c e d  3 . 3  g o f  t r ib e n z a m id e .  Enough c h lo r o fo r m  was added so t h a t  the  
t r ib e n z a m id e  would d i s s o l v e .  Benzylamine ( 1 . 0 7  g ,  0 . 0 1  m ole )  was added 
and tie  m ix t u r e  r e f l u x e d  f o r  e i g h t e e n  h o u r s .
At t h e  end o f  th e  r e a c t i o n  t i m e ,  th e  c h lo r o fo r m  was removed by  
d i s t i l l a t i o n  and a w h i t e  product  rem ained.  R e c r y s t a l l i z a t i o n  from 
e t h e r  y i e l d e d  two p r o d u c t s .  One m e l t e d  a t  102° to  103°C, and was 
i d e n t i f i e d  as  N -benzy lb en zam ide  by i t s  i n f r a r e d  spectrum . The o t h e r  
m e lte d  a t  1^7° t 0  1^8°C and was i d e n t i f i e d  as  d ib en zam id e .
The r e a c t i o n  was r e p e a t e d  u s i n g  e x c e s s  b e n z y la m in e ;  no d ibenzam ide  
was o b t a i n e d ,  N -benzy lbenzam ide  b e i n g  th e  o n ly  p r o d u c t .
R e a c t i o n s  o f  t r ib e n z a m id e  and o t h e r  amines - E s s e n t i a l l y  th e  same 
proced ure  as  above was employed w i t h  a l l  am in es .
E th y lam ine  y i e l d e d  d ib enzam ide  and N - e t h y l b e n z a m i d e . D ie th y la m in e  
y i e l d e d  a p ro d u ct  which c o u ld  n o t  be  p u r i f i e d  w e l l .  No r e a c t i o n  was 
o b serv ed  when d ip hen y lam in e  was r e f l u x e d  w i t h  t r ib e n z a m id e .  P y r id in e  
r e a c t e d  w i t h  tr ib e n z a m id e  t o  y i e l d  d ib enzam ide  and b e n z o i c  a c i d .
R e a c t i o n  o f  t r ib e n z a m id e  and o -p h en y 1enedjam ine  - In a I 5 0  ml 
round -bottom  f l a s k  f i t t e d  w i th  a r e f l u x  co n d en ser  were  p la c e d  1 . 7  g 
( 0 . 0 0 5  m o le )  o f  t r ib e n z a m id e  and 2 5  ml c h lo r o fo r m .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o -P h en y len ed ia m in e  (O.J^- g ,  0 . 0 0 5  m ole )  was d i s s o l v e d  in  a b s o l u t e  
e t h a n o l  and t h i s  s o l u t i o n  was added to  th e  tr ibenzam id e  s o l u t i o n .  The 
m ix t u r e  was r e f l u x e d  o v e r n i g h t ,  and the  s o l v e n t  was then removed by 
d i s t i l l a t i o n .  A c r y s t a l l i n e  product  was o b ta in e d  and r e c r y s t a l l i z e d  
from e t h a n o l  and w a t e r .  The m e l t i n g  p o i n t  was 292°  to  2 9 3 ° ,  and the  
p ro d u ct  was i d e n t i f i e d  from i t s  i n f r a r e d  spectrum as 2 - p h en y lb en z im id a zo l  
The y i e l d  was 0 - 7 5  g i l l 0!0 ) '
R e a c t i o n  o f  tr ib e n z a m id e  and ph e n y lh y d r a z in e  - Tribenzamide ,  I . 7  g ,  
(0 . 0 0 5  m ole )  was d i s s o l v e d  as  c o m p le t e ly  as  p o s s i b l e  i n  1 0 0 - 1 2 5  ml o f  
h o t  a b s o l u t e  e t h a n o l  in  a 2 5 O ml Erlenmeyer f l a s k .  As t h i s  m ixture  
was b o i l e d  on a h o t  p l a t e ,  1 ml o f  ph en y lh yd raz in e  was added. The mix­
t u r e  was h e a t e d  u n t i l  a lm o s t  a l l  o f  the e th a n o l  had evap orated .  C oo l ing  
l e d  to  th e  fo r m a t io n  o f  a w h i t e  p ro d u ct .
The p rodu ct  was c o l l e c t e d  by vacuum f i l t r a t i o n  and r e c r y s t a l l i z e d
o
by d i s s o l v i n g  i n  h o t  b e n z e n e ,  c o o l i n g ,  and adding a few drops o f  hexane .
The compound o b ta in ed  m elted  a t  168° to  l6 9 -5 °C  anc  ^ was i d e n t i f i e d  
by i t s  i n f r a r e d  spectrum as b e n z o ic  a c i d  p h e n y lh y d r a z id e . The y i e l d  
was 0 . k 2  g ( 6 2 $ ) .
A m m o n o l y s i s  j o f  T r i b e n z a m i d e
In  a 500 ml t h r e e - n e c k  round-bot tom f l a s k  f i t t e d  w i th  a Dry I c e  
co n d e n se r  was p la c e d  3 - 3  g ° f  t r ib e n z a m id e .  Anhydrous amnionia was 
a l lo w e d  to  f l o w  i n t o  th e  f l a s k ,  e v a p o r a te  and condense f o r  a per iod  o f  
e i g h t  h o u r s .  The r e a c t i o n  m ix tu re  was then b o i l e d  w i th  20 ml o f  water  
f o r  s e v e r a l  m in utes  and f i l t e r e d .  The f i l t r a t e  was c o n c en tr a ted  by 
p a r t i a l  e v a p o r a t io n  and c o o l e d ,  and the  s o l i d  which p r e c i p i t a t e d  was 
removed by f i l t r a t i o n .  This  product  was i d e n t i f i e d  as  benzamide.
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Another product  o b ta ined  from t h i s  r e a c t i o n  was dibenzamide.
R e a c t i o n  o f  B e n z o y l  C h l o r i d e  w i t h  T r i b e n z a m i d e
In a 125 ml Erlenmeyer f l a s k  were p laced  3*3 g o f  tr ibenzam ide  
and 5 0  ml o f  ch loro form .  This  m ixture  was p laced  on a steam cone and 
h ea ted  u n t i l  the  tr ibenzam id e  had d i s s o l v e d .  Benzoyl c h l o r i d e  ( l . l f l  g ,
0 .0 1  mole )  was added to  the  f l a s k  which was then f i t t e d  w i th  a ca lc ium  
c h l o r i d e  d ry in g  tube and p laced  on a m agnet ic  s t i r r e r  and s t i r r e d  fo r  
a per iod  o f  f i v e  days .  A f t e r  the  r e a c t i o n  per iod  the  chloroform  was 
d i s t i l l e d  o f f  and the  w h i t e  s o l i d  product  was c o l l e c t e d  by s u c t i o n  
f i l t r a t i o n  and washed w i th  2 p o r t io n s  o f  c o ld  w ater .  I t  was r e c r y s t a l ­
l i z e d  from warm benzene and was i d e n t i f i e d  as dibenzamide by i t s  m e l t in g  
p o in t  ( l k 6 °  t o  1 1^-8°) and i t s  in f ra r e d  spectrum. Another product  was 
ob ta in ed  during  the  r e c r y s t a l l i z a t i o n  procedure .  This  product  was r e ­
c r y s t a l l i z e d  from water  and i d e n t i f i e d  as b e n z o ic  a c i d .  The y i e l d  o f  
dibenzamide was 0 . 9  g (^-0$) and the  y i e l d  o f  b en zo ic  a c id  was 0 . 9 2  g
m ) .
The same procedure was employed in  a t t em p t in g  to  r e a c t  a c e t y l  
c h l o r i d e  w i th  tr ibenzam ideo  No s a t i s f a c t o r y  r e s u l t s  were o b t a in e d .
A t t e m p t e d  R e a c t i o n  o f  A l d e h y d e s  w i t h  T r i b e n z a m i d e
Tribenzamide ( 1 . 7  gj 0 .0 0 5  mole) was d i s s o l v e d  in  chloroform  in  a 
100 ml round-bottom f l a s k .  The a ldehyde was added in  e x c e s s  and two 
drops o f  co n c en tr a ted  s u l f u r i c  a c id  were p laced  in  the  f l a s k .  The 
f l a s k  was f i t t e d  w i th  an i c e - w a t e r  condenser  and the  mixture  r e f lu x e d  
2^ - h o u rs .  A f t e r  removal o f  the ch loroform  and e x c e s s  a ldehyde  by 
d i s t i l l a t i o n ,  un reacted  tr ibenzam id e  was o b t a in e d .
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Attempted S y n th e s i s  o f  a Bi e y e l i e  T e r t i a r y  Amide
Preparat ion  o f  Acetone D ic a r b o x y l t c  A c id6 3 :
( l )  In a 5 1 round--bottom f l a s k ,  f i t t e d  w ith  a m echanica l  s t i r r e r  
was p laced g ° f  fuming s u l f u r i c  a c id  (20 c/a S03 ) . The f l a s k  was
coo led  to  -5°C by means o f  a w a te r ,  i c e ,  and h y d r o c h lo r i c  a c id  bath .  
S t i r r i n g  was begun and 700 g ° f  f i n e l y  powdered U . S . ? .  c i t r i c  a c id  was 
g r a d u a l ly  added. The temperature  was no t  a l low ed  to  r i s e  above 0°C 
u n t i l  h a l f  the c i t r i c  a c id  had been added, a f t e r  which the  temperature  
was not  a l low ed to  exceed  10°C u n t i l  the  r e a c t i o n  was co m p le te .  The 
a d d i t i o n  required  hours and s t i r r i n g  was cont inued  u n t i l  a l l  o f  the
c i t r i c  a c id  was d i s s o l v e d .
The temperature o f  the r e a c t i o n  m ix ture  was a l low ed  to  r i s e  - 
g r a d u a l ly  u n t i l  a v ig o r o u s  e v o l u t i o n  o f  gas began.  The f l a s k  was 
c o o led  to  prevent  e x c e s s i v e  f r o t h i n g ,  but  the  e v o l u t i o n  o f  gas w a sn ' t  
s topped e n t i r e l y .  A f t e r  the  more v ig o r o u s  foaming had c e a s e d ,  the  
temperature o f  r e a c t i o n  mixture  was r a i s e d  to  about  1jO°C and kept  th ere  
u n t i l  no more foaming occu rred .  ( S t i r r i n g  was s topped f o r  a minute  
and a c l e a r  brown l i q u i d  g i v i n g  o f f  v e r y  few gas bubbles  r e s u l t e d .)=. 
This  g en era l  procedure req u ired  2 to  3  h o u rs .
The r e a c t i o n  m ix ture  was c o o led  to  0°C and 2^00 g o f  f i n e l y  
cracked i c e  was added in  sm al l  p o r t i o n s .  The temperature  of  th e  mix­
ture  was not  a l lowed t o  r i s e  above 10°G u n t i l  o n e - t h i r d  o f  the i c e  had 
been added; a t  t h i s  t im e ,  th e  temperature  was a l low ed  to  r i s e  to  2 5 °  
to  The a d d i t i o n  req u ired  about 2 h o u rs .  The r e a c t i o n  mixture
was a ga in  c o o led  to  0°C and f i l t e r e d  as  r a p i d l y  as  p o s s i b l e  through a 
fu nne l  f i t t e d  with a porous p l a t e .  The c r y s t a l s  were th oroughly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
p ressed  and sucked as  dry as p o s s i b l e .  The product  was l i g h t  gray  to  
w h it e  in  c o l o r .  The s o l i d  was t r a n s f e r r e d  to  a beaker  and s t i r r e d  
w ith  200 to  250 ml o f  e t h y l  a c e t a t e .  The t h i c k  p a s t e  t h a t  r e s u l t e d  was 
f i l t e r e d  w i th  s u c t i o n .  The y i e l d  was ^50 to  1+75 8 (92$  t o  97$)*
( 2 )  An e a s i e r  method o f  p r e p a r a t io n  was employed by In go ld  and 
N i c k o l l s 6 4 .
Two k i logram s  o f  fuming s u l f u r i c  a c id  were added as  r a p i d l y  as  
p o s s i b l e ,  w i th  c o n s t a n t  s t i r r i n g ,  to  one k i lo g ra m  o f  f i n e l y  powdered 
hydrated  c i t r i c  a c i d .  A c o n s i d e r a b l e  amount o f  h e a t  was e v o lv ed  and 
l a r g e  volumes o f  carbon monoxide a re  produced.  A f t e r  f i f t e e n  m in utes  
the m ix ture  was c o o le d  i n  a f r e e z i n g - m i x t u r e  ( i c e - s a l t ) ,  and one k i l o ­
gram o f  crushed i c e  was added w i th  s t i r r i n g .  When c o l d ,  th e  p a s t y  
m ixture  was v a c u u m - f i l t e r e d  and sucked dry .  The y i e l d  was about  1+50 g 
(80$) .
P r e p a r a t io n  o f  E t h y l  A c .e to n ed ic a rb o x y la te 6 5 :
o
( l )  The crude a c id  o b ta in ed  from 700 g o f  c i t r i c  a c i d  was t r e a t e d  
w ith  7 0 0  g ° f  a b s o l u t e  e t h a n o l  to  which had been added a t  l e a s t  lJO g 
to  150 g o f  dry h y d r o c h l o r i c  a c i d .  The m ix tu re  was p laced  i n  a f l a s k  
f i t t e d  w i t h  a ca lc iu m  c h l o r i d e  t u b e ,  and was then h ea ted  to  1+5°C* The 
m ixture  was k ep t  in  the  w a ter  bath  a t  40°C (bath  tem p erature )  w i th  
shaking  u n t i l  a l l  th e  a c i d  had d i s s o l v e d  ( 1 5  to  20 m i n u t e s ) .  The 
m ixture  was then c o o le d  t o  room tem perature  in  the  bath and a l lo w e d  to  
s tand f o r  tw e lv e  h o u r s .
At the  end o f  t h i s  t im e ,  th e  c o n t e n t s  o f  th e  f l a s k  were poured  
i n t o  I 3OO-IUOO ml o f  i c e  w a te r .  The e s t e r  l a y e r  s e p a r a t e d  and th e  
w a t e r - e t h a n o l  l a y e r  was e x t r a c t e d  t w ic e  w i th  o n e - h a l f  i t s  volume o f
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benzene  (700  m l ) .  The b en zen e  e x t r a c t  was added to  t h e  o r i g i n a l  e s t e r ,  
which had been  s e p a r a t e d .  The t o t a l  s o l u t i o n  was washed w i th  h O O  ml 
1 0 $  sodium c a r b o n a t e  s o l u t i o n ,  once  w i t h  d i l u t e  s u l f u r i c  a c i d ,  and t w i c e  
w it h  400 ml p o r t i o n s  o f  w a t e r .  The b e n z e n e  was removed by e v a p o r a t i o n  
on a s team b a t h .
The e s t e r  was d i s t i l l e d  under red u c ed  p r e s s u r e .  A s m a l l  low-  
b o i l i n g  f r a c t i o n  came o f f  i n i t i a l l y ,  t h e n  t h e  e s t e r  d i s t i l l e d  a t  I 3 I 0  
to  1 3 6 ° / 9  to  10 m.m. p r e s s u r e ,  or  1^5° t o  l 7 8 ° / 1 7  ni.m. p r e s s u r e .  The 
y i e l d  was 287g t o  315 S (^+2$ to  76$  b a sed  on c i t r i c  a c i d ) .
( 2 )  The method employed by I n g o ld  and N i c k o l l s 6 4  i s  as f o l l o w s :  
A b s o l u t e  e t h y l  a l c o h o l  (500  g) was s a t u r a t e d  w i t h  h y d r o c h l o r i c  a c i d  
and was t r e a t e d  a t  0°C w i t h  J j O O  g o f  dry a c e t o n e d i c a r b o x y l i c  a c i d .
The s u s p e n s i o n  was sh a k e n  f r e q u e n t l y  t o  a i d  s o l u t i o n  o f  t h e  a c i d ,  and 
k e p t  a t  room te m p er a tu r e  fo r  f o r t y - e i g h t  h o u r s ,  a f t e r  which t im e w a ter  
was added and t h e  e s t e r  e x t r a c t e d  w i t h  e t h e r .
o
The p r o d u c t  was v a c u u m - d i s t i l l e d  a s  a b o v e  and t h e  y i e l d  was 270 g 
(60$ ) .
R e d u c t io n  o f  A c e t o n e d i c a r b o x y l a t e
R e d u c t io n  was a c c o m p l i s h e d  u s i n g  t h e  method o f  F i e s e r . 6 6  D i e t h y l  
a c e t o n e d i c a r b o x y l a t e  ( 2 0 2  g ,  1 m o le )  was d i s s o l v e d  i n  1 2 5  ml  ° f  9 5 $  
e t h a n o l .  E x c e s s  sodium b o r o h y d r id e  was c a r e f u l l y  added to  t h e  s o l u t i o n ,  
s t i r r i n g  m a in t a in e d  t h ro u g h o u t  t h e  a d d i t i o n .  A d d i t i o n  o f  sodium b o r o ­
h y d r i d e  was c o m p le te d  when a d d i t i o n  o f  t h e  r e d u c i n g  a g e n t  no l o n g e r  
caused  f r o t h i n g .  The r e a c t i o n  m ix t u r e  was s t i r r e d  o v e r n i g h t  by u s e  o f  
a m a g n e t ic  s t i r r e r .  A f t e r  th e  r e a c t i o n  p e r i o d ,  100 ml o f  w a ter  was 
addedj t h e  m i x t u r e  was h e a t e d  to  b o i l i n g ,  and th e n  f i l t e r e d .  An a d d i ­
t i o n a l  1 0  ml o f  w a t e r  was added t o  t h e  f i l t r a t e .
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The product  was e x t r a c t e d  with  e t h e r  and the  e t h e r  l a y e r  was 
washed w i th  w a te r .  The e t h e r  was removed by e v a p o r a t io n  and the pro­
duct  was d r ied  w ith  anhydrous magnesium s u l f a t e .  An i n f r a r e d  spectrum  
of  the  l i q u i d  product  i n d i c a t e d  an hydroxyl  peak.
D e h y d r a t i o n  o f  R e d u c e d  E t h y l  A c e t o n e d i c a r b o x y l a t e . :
T h e  h y d r o x y e s t e r  p r e p a r e d  f r o m  t h e  a b o v e  r e d u c t i o n  w a s  d e h y d r a t e d  
a s  f o l l o w s :
A c e t i c  anhydride (100 m l ) ,  benzene (100 m l ) ,  and the  h y d r o x y e s te r s  
were p laced  in  a 500 ml round-bottom f l a s k  f i t t e d  w i th  a Dean-Starke  
t r a p .  The mixture  was r e f l u x e d  and the  w a ter -ben zen e  a z e s t r o p e  d i s ­
t i l l e d  i n t o  the  tr a p .
The l i q u i d  product which remained was v a c u u m - d i s t i l l e d  a t  135° to  
1^ 0 ° /  2 m.m. The i n f r a r e d  spectrum showed an absence  o f  the  hydroxy l  
p e a k .
A t t e m p t  t o  P e r f o r m  M i c h a e l  C o n d e n s a t i o n  o f  M a l o n i c  E s t e r  a n d  t h e  U n -  
d a t u r a t e d  D i c a r b o x y l a t e
T w o  a t t e m p t s  w e r e  m a d e  t o  p e r f o r m  t h i s  r e a c t i o n  u s i n g  t w o  d i f f e r e n t  
m e t h o d s  e m p l o y e d  b y  C o n n e r . 67
( l )  To equimolar  q u a n t i t i e s  o f  the  two r e a c t a n t s  d i s s o l v e d  in  
a b s o l u t e  e t h a n o l  ( 5 0  m l / 0 . 1  mole o f  addendum) was added p i p e r i d i n e  
( 2 . 0  m l / 0 . 1  mole addendum), and the  s o l u t i o n  was h ea ted  7 2  hours on a 
steam b a th .  The r e a c t i o n  m ixture  was then c o o le d  in  i c e ,  any s o l i d
3
removed by f i l t r a t i o n ,  and r e c r y s t a l l i z e d .
When no s o l i d  was formed, the  mixture  was d i l u t e d  w i th  w a te r ,  e x ­
t r a c t e d  w i th  e t h e r ,  and d r ie d  over sodium s u l f a t e .  The e th e r  was r e ­
moved by e v a p o r a t io n ,  but  no c o n d e n sa t io n  product  was o b t a in e d .
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(2 )  A s o l u t i o n  o f  sodium e t h o x id e  was prepared by d i s s o l v i n g  Na 
m eta l  in  the  minimum amount o f  a b s o l u t e  e t h a n o l .  D ie th y lm a lo n a te  
( t h r e e  to  s i x  t imes  the  number o f  moles  o f  Na) was added fo l lo w e d  by a 
s o l u t i o n  c o n t a i n i n g  the  u n sa tu ra ted  e s t e r  ( i n  an amount equimolar  to  
the  addendum) and a minimum of  2  1 . o f  dry e t h e r  or t h i o p h e n e - f r e e  
benzene per mole o f  e s t e r .
The r e a c t i o n  m ix tu re  was s t i r r e d  by use  o f  a magnet ic  s t i r r e r  f o r  
a t  l e a s t  20 hours  a t  room tem perature .  At the  end o f  the  r e a c t i o n  
t im e ,  the  m ix tu re  was a c i d i f i e d  w i th  g l a c i a l  a c e t i c  a c i d .  The organ ic  
l a y e r  was washed w i th  w a t e r ,  d r ied  over anhydrous magnesium s u l f a t e ,  
and th e  s o l v e n t  was removed by d i s t i l l a t i o n .  No c o n d e n s a t io n  product  
was o b t a in e d .
Attempted Reformatsky R e a c t io n  E th y l  Bromoacetate  and E th y l  Acetone-  
d i c a r b o x y l a t e 6 8
The z i n c  m eta l  employed in  t h i s  r e a c t i o n  was c lea n ed  by immersing
c
the  JO-mesh m eta l  in  h o t  co n c en tr a ted  s u l f u r i c  a c id  c o n t a i n i n g  a few 
drops o f  c o n c e n t r a t e d  n i t r i c  a c id  fo r  a p er io d  o f  m in u te s .  The a c id  
was then d i l u t e d  by pouring  i n t o  a l a r g e  volume o f  w a te r .  The z i n c  was 
washed w i th  w a t e r ,  then a c e t o n e ,  and d r i e d .
In a c l e a n ,  dry 509 ml t h r e e - n e c k  round-bottom f l a s k  f i t t e d  w i th  
a m echanica l  s t i r r e r ,  a 2 5 0  ml s e p a r a t o r y  f u n n e l ,  and a r e f l u x  conden­
s e r ,  the  upper end o f  which was p r o t e c t e d  by a c a lc iu m  c h l o r i d e  tu b e ,  
was p la ced  ^0 g ( 0 . 6 2  m ole)  o f  z in c  d u s t .  A s o l u t i o n  o f  83-5  8  (0*5 
mole )  o f  e t h y l  brom oacetate  and 1 2 5  8 ( 0 *6 l  m ole )  o f  e t h y l  a c e t o n e d i ­
c a r b o x y l a t e  in  8 0  ml o f  dry benzene and 2 0  ml a b s o l u t e  e t h e r  was p laced  
in  the  s e p a r a t o r y  f u n n e l .  Approxim ate ly  15 ml o f  t h i s  s o l u t i o n  was
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added to  the  z i n c  and the  f l a s k  was warmed u n t i l  a r e a c t i o n  began.  
S t i r r i n g  was begun and the r e s t  o f  th e  s o l u t i o n  was added a t  such a 
r a t e  t h a t  g e n t l e  r e f l u x i n g  was m a in ta in e d .  The a d d i t i o n  req u ired  one 
h o u r ..
The r e a c t i o n  m ix tu re  was r e f l u x e d  fo r  an a d d i t i o n a l  30 m in u tes .
The f l a s k  was then c o o led  in  an i c e  bath and the c o n t e n t s  were poured 
c a r e f u l l y  i n t o  J > 0 0  ml o f  i c e  co ld  5$  s u l f u r i c  a c i d .  The benzene  l a y e r  
was removed and washed once w ith  2 5  ail o f  c o ld  10$ aqueous sodium c a r ­
bonate  , then  w i th  2 5  ml o f  co ld  5 $ s u l f u r i c  a c i d ,  and, f i n a l l y ,  w i th  
two 25 ail p o r t io n s  o f  w a te r .  The combined a c id  e x t r a c t s  were washed 
w it h  two 5 0  ail p o r t io n s  of  e t h e r ,  and the  combined e t h e r  and benzene  
s o l u t i o n s  d r ie d  w ith  5 g o f  anhydrous magnesium s u l f a t e .  A f t e r  f i l ­
t r a t i o n ,  the  s o l v e n t  i s  removed by ev a p o r a t io n  on a steam con e .  No 
product  was o b t a in e d .
e
Attempt to  S y n t h e s i z e  the  Antimony and A r se n ic  Analogs o f  Tribenzamide  
A 200 ml t h r e e - n e c k  round-bottom f l a s k  was f i t t e d  w i th  a dropping  
fu n n e l  and an i c e - w a t e r  F r i e d r i c h  co n d en ser .  The t h i r d  neck was 
t i g h t l y  s toppered  w i th  a ground g l a s s  s t o p p e r .  A trap  w i th  a T-tube  
c o n n e c t io n  was p laced  in  a pentane-Dry  I c e  bath and connected  t o  the  
condenser  by means o f  Tygon tu b in g;  t o  th e  o th er  p a r t  o f  th e  T - tu b e ,
a p i e c e  o f  Tygon tu b ing  w i th  a g l a s s  n o z z l e  was a t t a c h e d .  The n o z z l e
3 * 
was p la c e d  i n  an Erlenmeyer f l a s k  which c o n ta in ed  a s o l u t i o n  o f  25$
b en zoy l  c h l o r i d e  i n  dry p y r i d i n e .  A magnet ic  s t i r r i n g  bar was p laced
i n  the  th r e e - n e c k  r e a c t i o n  f l a s k  and a s o l u t i o n  o f  2 g l i t h i u m  aluminum
hy d r id e  in  dry e t h e r  was p laced  in  th e  f l a s k .  The r e a c t i o n  f l a s k  was
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p la c e d  under the  i c e  b a t h .  A s o l u t i o n  o f  0 . 5  g antimony t r i c h l o r i d e  
in  dry e t h e r  was p la ced  i n  the  dropping fu n n e l  and dropped s l o w l y  i n t o  
the  s t i r r e d  l i t h i u m  aluminum h y d r id e  s o l u t i o n .
The s t i b i n e  which was g e n e ra ted  was condensed in  th e  pentane  trap  
and was a l lo w e d  to  f lo w  through the  b e n z o y l  c h l o r i d e  s o l u t i o n  by 
l i f t i n g  the  trap  out  o f  th e  pentane  b a t h .  When b u b b l in g  c e a s e d ,  the  
b en zo y l  c h l o r i d e  s o l u t i o n  was poured i n t o  w a ter  i n  order  to  p r e c i p i ­
t a t e  th e  t r i b e n z o y l  ant im ony. No product  was o b t a in e d  from t h i s  r e ­
a c t i o n .
E s s e n t i a l l y  th e  same procedure  was fo l l o w e d  in  a t t e m p t in g  t o  p r e ­
pare th e  a r s e n i c  a n a lo g  o f  tr ib en zam id e  w i t h o u t  s u c c e s s .
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SUMMARY
A  s t u d y  w a s  m a d e  o f  s o m e  r e a c t i o n s  o f  t r i b e n z a m i d e  a s  a  r e p r e s e n ­
t a t i v e  t e r t i a r y  a m i d e .  T r i b e n z a m i d e  w a s  f o t , m d  t o  r e a c t  w i t h  G r i g n n r d  
r e a g e n t s  i n  m u c h  t h e  s a m e  w a y  t h a t  e s t e r s  a n d  p r i m a r y  a m i d e s  d o .  W i t h  
a r o m a t i c  G r i g n a r d  r e a g e n t s ,  t e r t i a r y  a l c o h o l s  w e r e  o b t a i n e d ,  b u t  w i t h  
a l i p h a t i c  G r i g n a r d  r e a g e n t s ,  k e t o n e s  w e r e  o b t a i n e d .
H y d r a z i n e  a n d  i t s  d e r i v a t i v e s  m i g h t  b e  e x p e c t e d  t o  r e a c t  w i t h  
t e r t i a r y  a m i d e s  t o  y i e l d  i n t e r e s t i n g  c o m p o u n d s .  S i n c e  s e c o n d a r y  a m i d e s  
r e a c t  w i t h  h y d r a z i n e  a n d  s u b s t i t u t e d  h y d r a z i n e  t o  y i e l d  s u b s t i t u t e d  
t r i a z o l e s 3 6 , a n d  d i a c e t a m i d e  r e a c t s  w i t h  s e m i c a r b a z i d e  t o  y i e l d  a  c y c l i c  
c o m p o u n d 3 6 ,  t h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  t e r t i a r y  a m i d e s  c o u l d  u n d e r g o  
s i m i l a r  r e a c t i o n s  t o  y i e l d  r i n g  c o m p o u n d s .  I t  w a s  f o u n d ,  h o w e v e r ,  t h a t  
t e r t i a r y  a m i d e s  u n d e r w e n t  h v d r a z i n o l y s i s  t o  y i e l d  N , N - d i a r o y l h y d r a z i n e s .
A  t h o r o u g h  s t u d y  w a s  m a d e  o f  t h e  r e d u c t i o n  o f  t r i b e n z a m i d e  b y  t h e
a
u s e  o f  n u m e r o u s  m e t h o d s  o f  r e d u c t i o n .  I n  a l l  c a s e s ,  t h e  r e d u c t i o n  p r o ­
d u c t  w a s  N - b e n z y l b e n z a m i d e ,  i n s t e a d  o f  t h e  e x p e c t e d  t r i b e n z y l a m i n e .
B e n z y l  a l c o h o l  w a s  t h e  o t h e r  p r o d u c t  o b t a i n e d  i n  t h e s e  r e d u c t i o n s .  
( B e n z a l d e h y d e  w a s  o b t a i n e d  w h e n  s u b s t i t u t e d  l i t h i u m  a l u m i n u m  h y d r i d e  
w a s  u s e d  a s  t h e  r e d u c i n g  a g e n t . )
A  n u m b e r  o f  o t h e r  r e a c t i o n s  i n v o l v i n g  n u c l e o p h i l i c  a t t a c k  a t  t h e  
c a r b o n y l  c a r b o n  o f  t r i b e n z a m i d e  w e r e  p e r f o r m e d  a n d  t h e  r e s u l t s  a r e  
p r e s e n t e d  i n  t h i s  p a p e r .
o
A  m a j o r  p o r t i o n  o f  t h i s  i n v e s t i g a t i o n  w a s  d i r e c t e d  t o w a r d  t h e  
d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  t e r t i a r y  a m i d e s  a n d  r e l a t e d  c o m ­
p o u n d s .  S p e c t r a l  d a t a  a n d  m o s t  o f  t h e  c h e m i c a l  e v i d e n c e  o b t a i n e d  i n  
t h i s  i n v e s t i g a t i o n  s u p p o r t e d  t h e  p y r a m i d a l  s t r u c t u r e  a s s i g n e d  t o
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t e r t i a r y  a m i d e s .  S o m e  c h e m i c a l  e v i d e n c e ,  s u c h  a s  t h e  i n a b i l i t y  t o  
q u a t e r n i z e  t e r t i a r y  a m i d e s ,  d i d  n o t  s u p p o r t  t h e  p y r a m i d a l  s t r u c t u r e .  
H o w e v e r ,  i t  i s  c o n c e i v a b l e  t h a t  q u a t e r n i z a t i o n  m i g h t  b e  m a d e  t o  p r o c e e d  
i f  d i f f e r e n t  r e a c t i o n  c o n d i t i o n s  o r  d i f f e r e n t  q u a t e r n i z i n g  r e a g e n t s  a r e  
u s e d .
T h e  r e s u l t s  o f  a n  a t t e m p t  t o  s y n t h e s i z e  a  b i c y c l i c  t e r t i a r y  a m i d e  
a r e  a l s o  p r e s e n t e d  i n  t h i s  p a p e r ,  a s  w e l l  a s  t h e  r e s u l t s  o f  a n  a t t e m p t  
t o  p r e p a r e  t h e  a r s e n i c  a n d  a n t i m o n y  a n a l o g s  o f  t r i b e n z a m i d e .
T h e  c h e m i s t r y  o f  t e r t i a r y  a m i d e s  d e s e r v e s  f u r t h e r  s t u d y .  A  
n u m b e r  o f  o t h e r  r e a g e n t s  s u c h  a s  i s o c y a n i d e s  m i g h t  b e  m a d e  t o  u n d e r g o  
r e a c t i o n s  w i t h  t e r t i a r y  a m i d e s . T h e  r e a c t i o n s  w h i c h  h a v e  a l r e a d y  b e e n  
p e r f o r m e d  m i g h t  b e  r e p e a t e d  u s i n g  v a r i o u s  r e a c t i o n  c o n d i t i o n s ,  p a r t i ­
c u l a r l y  t h e  q u a t e r n i z a t i o n  r e a c t i o n s .  R e c e n t l y 6 9 , w o r k  h a s  b e e n  p e r ­
f o r m e d  o n  t h e  q u a t e r n i z a t i o n  o f  c o m p o u n d s  u s i n g  t o l u e n e s u l f o n y l  
p e r c h l o r a t e  a s  t h e  q u a t e r n i z i n g  a g e n t .  T h i s  r e a c t i o n  s h o u l d  b e  a t t e m p t e d
o
w i t h  t e r t i a r y  a m i d e s .
T h e  p y r o l y s i s  o f  t e r t i a r y  a m i d e s  s h o u l d  b e  i n v e s t i g a t e d  f u r t h e r ,  
w i t h  s p e c i a l  e m p h a s i s  b e i n g  p l a c e d  o n  t h e  i d e n t i f i c a t i o n  o f  t h e  s o l i d  
p r o d u c t  o b t a i n e d  a n d  a  d e t e r m i n a t i o n  o f  t h e  d e c o m p o s i t i o n  m e c h a n i s m .
A t t e m p t s  s h o u l d  b e  m a d e  t o  s y n t h e s i z e  a l i p h a t i c  t e r t i a r y  a m i d e s ,  
i n c l u d i n g  t r i f o r m a m i d e ,  w h i c h  i s  p r e s e n t l y  u n k n o w n .  I t  s e e m s  l i k e l y  
t h a t  t h e  a l i p h a t i c  t e r t i a r y  a m i d e ,  t r i a c r y l a m i d e , c o u l d  b e  s y n t h e s i z e d  
s i n c e  t r i c i n n a m a m i d e  h a s  b e e n  p r e p a r e d .  I f  t r i a c r y l a m i d e  c o u l d  b e  
s y n t h e s i z e d ,  c a t a l y t i c  h y d r o g e n a t i o n  o f  t h i s  c o m p o u n d  c o u l d  l e a d  t o
d
t h e  s a t u r a t e d  a l i p h a t i c  t e r t i a r y  a m i d e .
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